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PREFACE 

The Energy Resources Board was created on July 1, 1975, prrsuant to 

Chapter 289 of the Laws of 1975. The Office of State Geologist was establish­

ed at that tirre, and it is fran that office that the present Bureau of f'£ology 

evolved. One of three h.lreaus under the newly established Mining and Minerals 

Division of the Energy and Minerals Deparbrent, the Bureau of Geology was 

created under the Energy and Minerals Department Act, Chapter 255 of the Laws 

of 1977 which becarre effective on March 31, 1978. The 'Rureau is dlarged with 

the responsibility of conducting within the state, geological studies of 

knONI1, probable and potential supplies of natural sources of energy with the 

a~ of determining their reserves and life expectancy. ~ese energy sources 

include fossil fuels, radioactive minerals and geothermal energy. The Bureau 
• 

is also directed to cooperate with the New Mexico Bureau of Mines and Mineral 

Resources in preparing maps, brochures and pamphlets of known, probable and 

potential sources of energy in New Mexico; to cooperate with private, state 

and federal agencies in the gathering of geological data concerning enerqy 

supplies, and assisting the Secretary of the Energy and Minerals Department in 

the maintenance of an inventory of all reserves and potential sources of fuel 

and }:OWer in New Mexico. 

The Energy Resource and Development Division also began as a divison of 

the Energy Resources Board. Under the Energy Resources Board, the Division 

was assigned the responsibility of helping prepare and administer the state 

energy manage.rrent program. 

Ni thin the present Energy and Minerals Department, which replaced the 

Energy Resources Board, the Energy Resources and Develo:ptent Division was 

created pursuant to Section 957 NMSA 1978 (on July 1, 1978). The statute gave 

the Division tv.o mandates: (1) develop, implenent and administer energy 

impact programs which effect the state and its political sul:rlivisions; and (2) 

rocmitor energy develop-rent in the state in cooperation with state and federal 

agencies, political subdivisions and private industry so that benefits to the 

state can l::e maximized. 

'l'he Bureau of C'..eology under the Mining and Minerals Division and the Resource 

and DeveloptrEnt Division have coor:erated in the implerrentation of a canprehen-

.. 

• 

• 
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sive uranium program which rronitors all aspects and implications of the 

nranit..nn extracting ann processing industry in the state • 
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INTRODOCTION 

NeN ~e_xico 's uranium inclustry is experiencing a deep-seatErl and serious 

cleprcssion, a decline that was significantly affected by the Three Mi 1e Tsland 

nucle.1r n:-actor accident in Pennsylvania in 1979, that sent Sp::Jt market prices 

for uranium tumbling fran a high of over $43.00 per lb to less than $30.00 

fY'r l b in one year. 'T'o add to the woes of the state's uraniLD'Tl industry, a 

mi 11 tailings r_xmd emba~nt accidently collapsed that same year at Church 

nr K~k <1 n' l allowed mi 1.1 ionc: of gallons of oontaminated water to flood down the 

rho Puerco of the ~vest across the Navajo Reservation and into Arizona. Reper­

cussions of these t\l\lO eVI?nts are s·till b=>ing felt. 

Since thcs~ two major events, at least 16 mines have closed, includinq 

,.,,.,VI~ral older operations that haVI? h9en in production since the 1950's, and 

two newer mines that had teen in operation for less that ' years. Ry late 

l«J80, approximately 10 percent of the state's uranium mine production capacity 

had teen lost through mine closures and rrore than 1800 miners and support 

pr>rsonnel had :teen terminate1. 

~e nuclear industry throughout the United States is at a standstill. No 

neN reactors haVI? h9en ordered; several plants that ~re approved, planned or 

under oonstruction have teen cancelled or delayed; and an over-supply of 

nranium has kept market prices depresse1 with CJelivery camnitments beinq 

filled fran oversupply stockpiles rather than through p:roouction. The nation 

has no clear-cut nuclear energy prograM nor an effective prooram for nuclear 

waste disposal. 

In the rreant:ime, problems of a rrore local nature have continued to 

ccroplicate exploration, new mine development and production within the state's 

b::nmdaries. Public lack of acceptance has teen a najor factor, especially 

nr~.-tr anrl within the roun<'laries of the Navajo Reservation, on puhlic lands, ann 

wit-hin t·he i'l.crnain of (~nvironmentally sensitive national forest lands. Planned 

c~xpl0r"'.t-ion projects have h:>en arorted or delaye<'l inCJefinitely; law suits have 

ln~n filed against uranium o[.lerators, and mill and tailings disposal licenses 

haw 1-o:m delayei beyonCJ tranitionally acceptable periods. Several Mine 

.levt~ lnpr~nt proiects already underway may l:e unable to rreet first production 

<l1':1dl inc~~ rts si:ipulate<'l in their leases, ancl sorre have l:x::!en fielayed in­

•k'FinitPly or cancelh~o altCX}ether. 

-i-
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Severance taxes on uranium, the state's largest mining industry in 

Lc~.tl'ls of employees, payroll, product value, and revenues generated, were 

rec-ently .increased to a level which industry c:x::mplains is unfair and 

ill-tillPd. Indu..<:>tLy argues that Ne.-.r Mexico's severance tax on uranium is 

no.v tJte highest in the nation and that producers have found the r'levelop­

ment and production of uranium in Ne.-.r Mexico to re less attractive than 

in other areas where production costs and taxes are lcwer. 'Ihe ration­

ale behinil increased severance tax was based on the relative health of 

the industry in 1<.)77, 1978, and 1979 when uranium market prices were at 

an all-tiTre high and mny new mines were under developrent or planne.1. 

new r-1exico is still the nation's nU11'1}--er one producer of this energy 

rretal lJLrt: proouction has oeclinErl rrore noticeably than in Wyominq ann 

Texas and the future is uncertain. In addition, New Mexico stands to 

lose much of its lower cost reserves throuqh excessive overall pro­

(luction costs canpared to other areas. 

nata for the precursor of this report, "An Overview of the New Mexico 

Uranium Inctustry," was gathered in late 1978 and published in ... Tanuary 1979, 

just tefore the impact of the chain of events that regan at Three Mile Island. 

The health of the New Mexico uranium industzy was then robust with ~timistic 

prospects for the future. The Grants Mineral Belt had been extended to depths 

in excess of 3,000 ft and to a distance of 10 to 15 Illiles northward fran its 

former ooundary. 'l'oday, the industry is depressed and uncertain of its future 

rolP.. This report is an expansion of "An Overview of the New Mexico nranium 

Indust-.ry." It is an attempt to present an accurate and unbiased picture of 

the industry in terms of a historical review, current conditions, and projec­

tions for the future of the industry. The original report has been rrodified 

]n several areas, includinq the addition of chapters dealing with environ­

mental nnd socio-econanic impacts. n':!ologic descriptions of uranium oc­

curences mclucte not only those of the Grants Minerals Belt, but those of the 

entire state. Technical aspects of lx>th mining and milling are reviewed in 

netail. Production econcrnics are summa.rized, but not discussed in depth. 

~1uch of the statistical data is current through Decemrer, 1980. In addition, 

the glossary of technical terms has reen e-xpanded, and for the first time, 

a r::-equlatory chart has reen included which identifies state and federal 

aqnncies that regulate specific aspects of the front-end of the nuclear cycle 

Fn:m exploration to JTii 11 tailinqs disposal. 

-ii-

• 
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The Energy and Minerals Department expects to update this review of the 

New Mexico uranium inclustry as :imp::>rtant changes in technology 1 econanics and 

regulatory policy occur. It is hoped that the dOCI..llrent will serve as a can­

jJrehensivr~ review ana guide to the state's larqest mining industry. 

-iii-
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CHAP:rER I 

HIS'IDRY OF NEW MEXI<X> URANIUM INDUSTRY 

According to historical information obtained by the u.s. Deparbnent of 

Energy, the discovery of uraniun in New Mexico must l::e credited to a pros­

pector by the name of John Wade in the East Carrizo or Shiprock area of the 

Navnjo Indian Reservation (Chen~th and Learned, 1980). Wade recognized 

carnotite ores in outcrops of the Salt Wash Member of the Jurassic Morrison 

Fom'ltion in 1918 .and subsequently leased several thousand acres of claims 

astride the New Mexico-Arizona torder near l\1ilepost 16 in San Juan County. 

The Carriso (sic) Mining Canpany was fanned by Wade to develop the property 

although not for mining the uranium contained in the ores, rut for the 

assOC'!iateii vanadiun and rare elCI'OC!nt rac'!ium. Unfortunately, no records exist 

to corrotorate the production fran the Wade claims prior to 1921, when a 

sh iprrent of several gunnysacks of ore were shipped for the extraction of 

radium. HoWever, in a report by Staver (1921.), it was noted that high grade 

ore was stored at Aeclahito Trading Post before shipment to Colorado 

(Chencweth and Learned, 1':}80). 'rhus, the Wade discovery led to the first 

apparent shipment and production of uraniferous ores from New Mexico. 

(Figure I-1) 

One year after Wac'!c' s disc~ry, radium was discovered in southwestern 

Nev..r Mexico in the White Signal district in Grant County where several ll'lin<..:-s 

were located including the Merry Widcw, the Floyd Coli ins, and the Euqerd•:> 

(I~vering, 1956). The discovery of rich pitchblende deposits at ShinkololMe, 

I~O~)lc'!ville in the Belgian Congo in 1925, however, had a devastating effect 

on the u.s. radium market. Sufficient demand for u.s. vanadium did not ac­

tually develop until after 1940. 

As a result of World War II 1 the Vanadium Corporation of America (VCA) 

souqht to ~t an increasing demand for rretallurgical vanadium by leasing ann 
nnn1ng the various F.ast Carrizo claim blocks l::.etween 1941 and 1944. VCA mined 

the vanadium ores which were p.rrchased by Metals Reserve Company, an agent 

f'nnne<1 by the federal government to secure adequate narestic supplies of the 

~tal for the war arrnanEnts program. VCA operated a mill at Monticello, TJtah 

for Mc:>tals Reserve, where the East Carrizo ores were processed. Vanadium pro-

1 
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Fiqure I-1. History of uranil.lJTl, radium and vanadium discovery and pro­
duction in New Mexico from 1918 to 1979 showing important milestones 
in the state's uranium industry (data cattpiled fran the U.s. Deparbnent 
of F.nerqy, 1980a). 
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duction ceased in 1944 when the war armaments program was terminated. 

The atomic energy program was begun in the United States in 1942 with the 

inception of the Manhattan Project. As part of a concerted effort by the 

federal goW-rnfl'lent to assess the nation's uranium resources and to assure a 

reliable supply of the strategic metal, the Union Mines Development Corpora­

tion (lJI'IJI:X;) was formed in 1943 as part of the Manhattan Project. In oroer to 

fulfill the objective of recarurending acquisition of uranium resource areas by 

the governi1l?nt, nMDC geologists began in intensive exploration program. Areas 

of known occurrences of raoioactive Minerals were stuoied including those in 

the White Signal and East Carrizo districts of New Mexico. (Cole!TI3.n, 1944). 

East carrizo ores accounted for virtually all of New Mexico uranium proouc­

tion between 1948 and 19S3, but since all ores were shipped to the VCA mill in 

Durango, Colorado, the state was not credited with uranium production until 

1953 . (W.L. Chenoweth, personal carmmication, August 1980). Concentrate 

purchases from New Mexico by the Atomic Energy Commission did not begin until 

1953. Between 1944 and 1947 there was no production reported fran the Carrizo 

Mountain area. 

After the inception of the u. s. Atomic Energy Canmission (AEC) in 1947, 

uraniUJTI exploration ana ore production was further stimulated by the Federal 

c~vernment. As early as 1951, AEC reconnaissance parties studied the geology 

of the state in order to delineate canrrercially viable uranium deposits. 

During early 1952, the King Tutt Mesa area of the East \arrizos t:ecame t:1e 

focus of AEC exploration efforts with an initial diarrond drilling program in 

canbination with airlx>rne radianetric surveys (Blagbrough and Brown, 1955). 

The Sanostee area south of the East Carrizos was first mapped by d1e AEC in 

late 1953 after ore discoveries in tJie Recapture Member of ·the Morrison Forma­

tion increaserl interest in that area (Blagbrough and others, 1955). An 

account of the geologic studies by ~ is available in the report by Coleman 

(1944). The East Carrizo area subsequently became a model for the testing of 

stratigraphic exploration techniques pioneered by the petroleum industry. 

Gamma logging was restricted to hand-operated geiger probes, as no gamma log 

technology had been developed. Drill cores were taken, however, and strati­

graphic analyses using sandstone/muClstone ratios, isopaching and structural 

contouring were utilized to assess the subsurface uranium geology. 

r~anwhile, all New Mexico uranium production frcrn sandstones was shipped 

to the VCA mill at Durango, Colorado, until 1954 when Kerr-McC'..ee Oil Indus-
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tries ~ned the state's first acid-leach mill at Shipr~k (Masters and 

others, 1955). 

Econauic de:p:Jsits of uranium in the Grants area were not discovered until 

the spring of 1950 'Nhen a Navajo sheepherder by the narre of Paddy Martinez 

noticed a colorful mineralized outcrop of Todilto Limestone at the base of 

Haystack Butte near Prewitt. The mineral was identified as tyuyamunite, a 

calcium-uranium vanadate, and the discovery subsa:ruently spawned the es­

tablishrrent of the Haystack Mountain Developrrent Canpany, a Mining subsidiary 

of the Santa Fe Pncific Railway. Shortly thereafter, open-pit uranil.lfll mines 

dotted the Todil to bench around Haystack 'Rutte and the surrounding area and 

many canpanies including the Anaconda Canpany joined in New Mexico's second 

uranium rush. The first shi.r;:.«rent of Todilto ore was made in December, 1950 to 

the A.E.C. buying station at Monticello, Utah. 

By rnid-1953, the state's first alkaline-leach mill was operating at 

Bluewater, built by Anaconda in order to pr~ess the Todilto limestone ores. 

It should be noted that the Bluewater mill was also New Mexico's first mill, 

predating the Shipr~k facility of Kerr-MCC',ee by one year. A second mill was 

soon constructed to treat the sandstone ores which were developed after the 

initial discovery of uranium in the Morrison Formation (Poison Canyon) in 

early 1951 and sul::sequent Morrison (Jackpile) rliscoveries at Laguna in the 

fall of t<~Sl. Ry 1954, the Jackpile-Paguate mine had becaue the largest 

uranium rnine in the United States. In the Gallup area, mineralization was 

detected in the Dakota Sandstone where mines were also developorl. 

Drilling downdip fran the initial outcrop discoveries led to the deline­

ation of the fam:ms Poison Canyon trend at Ambrosia Lake. Uranium mineraliza­

tion was not recognized in the Westwater Canyon Sandstone Member of the 

Morrison until 1955 when a wildcat drill hole intercepted a mineralized zone 

at a depth slightly in excess of 300 ft at Ambrosia I,ake which led to the 

eventual discovery of the large Westwater subsurface de:p:Jsits that, along with 

the extensive Jackpile-Paguate deposit at Laguna, thrusted New Mexico into the 

forefront as the nation's leading uranium producer. By 1957, four mills were 

under construction in the Ambrosia Lake area with a total capacity of over 

7, 200 tons per day (File and Northrop, 1966). Uranium production was reported 

from eleven counties throughout the state with McKinley and Valencia counties 

contriblting the b.llk of production. 

tVhen the U. S. Government curtailed its uranium pr~ement program in 
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1967 and finally ceased purchases by the end of 1970, an expanding electrical 

utility industry began to affect the uranium market, and demand gradually 

b:x:>sted the price of t.he energy rretal to rrore than $40/lb. A new- surge of 

exploration and developrrent once again stimulated the New- Mexico uranium 

industry. T..arger and deeper mineralized trends were found dCMn-dip fran the 

earlier deposits. 

Even after the Ambrosia Lake/Smith Lake subsurface discoveries, explor­

ation efforts had :b:>.en directed basinward across t.he Chaco slope. The Church­

rock orelxx'l.ies were discovered in 1965 by the Kerr-McC'.ee Corporation at depths 

exceeding 1800 ft, and in t.he early 1970's strongly rrri.neralized zones in the 

Westwater at depths exceeding 2000 ft had been intercepted by Mobil, Conoco, 

and United Nuclear in the Dalton Pass-crownpoint area. By late 1974, Phillips 

Petroleum had recognized a unique type of uranium deposit in the Westwater 

l'1enl:er at depths of 2600 ft or rrore near Seven I,akes northeast of Cr0'.t11!1point. 

The develop~rent, narred Nose Rock after a locally praninent landfonn, was to 

J:ecane New- Mexico's first major roll-type uranium deposit where roll-front 

geochanistry and rrorphology, developed earlier in Wyoming and used succes­

sfully as an exploration concept in Texas, were used alrrost exclusively as ore 

guides during the exploration drilling phase of the project. 

As early as 1970, Hokum Resources had made a significant uranium dis­

covery on the northwestern slope of Hount Taylor at depths of 3300 ft. The 

deposit, developed by Gulf, was to l::ecorre the deepest and largest nranium 

mining operation in North America, and extended the Ambrosia I.ake mining rlis­

trict several miles further east beneath the flanks of riJount Taylor, an 11,000 

foot volcano of Tertiary age. 

Further east, De Villiers 1'-luclear had ciiscovered Westwater mineralization 

in the ~1arquez area on the eastern slope of Mount Taylor at depths of 2100 ft. 

The orebody was subsequently purchased by Bokum Resources. All known mineral­

ization in the area had J::een in the Brushy Basin ( Jackpile) prior to the De 

Villiers discovery. In early 1971, Conoco extended the known Grants Mineral 

Belt to its easter111TkJSt limit with the discovery of a complex of westwater 

deposits on the Bernare l"bntano Grant 40 miles east of Ambrosia Lake in the 

Lagtma district. 

Although uranium exploration and mining have suffered a decline since 

1978, several large mining developrents in the Crownpoint, Mount 'l'aylor and 

Laguna-Marquez areas continue to nake progress, and land acquisition and 
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exploration activities are continuing to emphasize the exploration of lateral 

extensions of these recently discovered trends as well as certain outlying 

frontier areas l::oth within and reyond the munds of the San Juan Basin. A 

detailed history of exploration in the Grants uranium region since 1963 is 

presented by Chena.reth and Holen (1980). 

uranium deposits have men delineated in the Chama F.mbayrnent on the east 

side of the San ,Juan Basin, as well as in the Quemado-Datil area to the south, 

and exploration efforts are still .in progress on Navajo Tribal leases near 

Sanostee in the north~stern part of the state. Low-grade mineralization has 

been discovered-and delineated in the Hagan Basin near Cerrillos and on Mesa 

Portales near Cuba. Interest has been shown in exploring for uranium near 

Tres Piedres in Rio Arriba County 1 and sane wildcat drilling has reen reported 

near Socorro and Lordsb:rrg. 

Uncertainties concerning the future, however 1 continue to plague the New 

Mexico uranit:m industry. Several factors have contributed to this uncertainty 

including depressed rrarket prices, expensive and time-consuming regulatory 

requirements, and purely technical and economic considerations of ever deeper 

and lower-grade deposits. In spite of these uncertainties, New Mexico con­

tinues to lead the nation in total recoverable reserves as well as total 

annual production. Only Wyoming has ever approached or exceeded New Mexico in 

total yearly production. A canparison of the Grants mineral region as the 

premier mining district of the world with other domestic and foreign uranliw 

depos.i ts is presented by Rotert ,J. V.7right ( 1980) • 
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CHAPI'ER II 

c:EOL(X";Y OF NFW MEXIa> URANIUM DEroSITS & OCCflRRE'OC'ES 

Ceologic Setting 

Tlranium occurs in all of the four physiographic provinces that ccrnprise 

the State of New Mexico, :includin<l the Colorado Plateau, the Southern Rocky 

Mountains, the Basin-Range, and the Great Plains (Figure II-1). Host rocks 

range in age from Precambrian to Quaternary and include plutonic rocks and 

their associated pegmatitic veins and metamorphics, volcanic and sedimentary 

rocks, (Table II-1). The bulk of all occurrences of current economic interest 

are epigenic sandstone and limestone derosits on the Colorado Plateau of 

northwestern New Mexico. 

Colorado Plateau Deposits 

The Colorado Plateau occupies approximately all of the northwestern 

quaorant of the state. Tv.D structural elerrents within the New Mexico portion 

of the plateau that are important hosts for uranium occurrences are the San 

.Juan Basin in the northern area and the Rast Mogollon slope in the southern 

area of the plateau (F'igure II-2). 

The San Juan Basin is the largest and most important physiographic and 

structural eleJrent. Roughly circular in plan and centered near the Rio 

.l\rriba-San ,Juan County line, the resin contains the largest and nnst prolific 

nranium deposits kna,.m in t.he United States (Figure II-3). Since rrore than 50 

percent of the nation's uraniUM reserves are located there, the basin should 

continue to te an i.rnrnrtant exploration and production area. More than 

14,000 ft of Palt~zoic, ~~sozoic, and Cenozoic sediMentary deposits are buried 

ten•~atJ1 the deepest part of the basin. They dip gently inward and crcp out 

conc•:!ntrically with the older rocks exposed around the basin margins and the 

young·~r rocks towaro t"<e center. The stratigraphic sequence is intruded by 

and cappen with volcanic rocks of late Tertiary and ()uatemary ages (i.e., 

Mount Taylor volcanic field and Shiprock). Folding and faulting, in general, 

are less severe than in areas that surround the plateau such as the Basin­

Range and Rocky Mountain provinces. Various depressions and uplifts surround 

the rosin itself. On the north is the San Juan Uplift, mostly in Colorado. 

Movinq sout.h.eastward, the san ,Tuan Uplift !'IBrges with the Brazos-Tusas high-

7 

Access ID No. 04133 US-NAUM0054157 

US-NAUM0054133-00025 



F'iqure II-1. Physiog-raphic provinces and tectonic elements favorable fo.r 
the occurrence of uranium in New Mexico (New Mexico ;;.ureau of Geology) • 

.. ___ .• 0_ ........... _.40 '"'" 
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Table II-1. Uranium-bearing host rocks of New Mexico shCJNing geologic .:.tge, 
tectonic or physiographic setting and physiographic I:Jrovince (Ner.-~ Mexico 
Burf'..au of C',co logy) . 

Formation 
or host rock 

C',co logical 
age 

Calcrete/basin-fill Qtli'l.1:ern:ny 

Gatuna Forrra.tion 

Tesuque Formation 

Galistc~ Formation 

Baca F'onnation 

Ojo Alarro 
Sandstone 

Dakota Sandstone 

Burro Canyon 
Fonnation 

Quaternary 

Oliqocel1£' 

Oligocene 

Eocene 

Eocene{?) 

Tertiary­
Cretaceous 

Cret 1ceol.1S 

Cretaceous 

Morrison-Formation Jurassic 
BrushY Basin Shale, 
Westwater Canyon Ss., 
Recnpture Shale Mhr. & 
S;1l r ltJash Sandstone ~1br:. 

Too i 1 to L i£~"estone .Jurassic 

Chinle Pom1tion 'l'rirlssic: 
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'l'ectonic 
elerrent 

Lordsburg, Aninas 
Valley area 

Espanola Basin 
Rio Grande Rift 

Ladron Uplift 

Estancia, ("..a.listeo 
and Hagan bnsins 

Eas't. r~ogollon 
Slope, Acoma Sag 

East San ,Juan 
"Rasin 

Southern San 

,Juan Basin 

Chama Basin 

San .Juan Basin 
Defiance Uplift 

Physiographic 
province 

Basin & Range 

Great Plains 

Basin & Range 
Southern Rocky 
Mountains 

Basin & Ranqe 

Basin & Range 

Colorado Plateau 

Colorado Plateau 

Colorado Plateau 

r:olorado Pln.teau 

Colorado Plateau 

s. San Juan Basin, Colorado Plateau 
Defiance Uplift 
Chama Basin 

Tucumcari Basin Great Plains 
Sierra Grande 
Uplift 

Gallina Uplift 

Nacimiento 
Uplift 
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Fom1tion 
or host rcxck 

Yates Forrr.::ttion 

Sangre de Cristo 
Forrr.::ttion 

Pl1ttonic & 

l\1etarrorphic nxks 

(Tahle TI-l continued) 

C~ological Tectonic 
age element 

Pennian Sacramento Slope 

Pe:rnn- Las Vegas Rasin 
Permsylvanian 

Sangre de Cristo 
Uplift 

Rurro Uplift 
Pedernal Uplift 

Rra?:os, Sangre 
rle Cristo Uplift 

Physiographic 
province 

Basin & Range 

Great Plains 

Southern Rocky 
Hountains 

Rasin & Range 

Southern Rocky 
fl.buntains 

land to fonn the northeast c~ge of the basin. Further south, the Nacimiento 

Mountains define the eastern side, while the T-'ucero an0 Zuni uplifts form the 

southern boundary. Alrmst the entire western side of the hasin is forrreii by 

the Defiance Uplift which bteqins at the Chuska Mountains north of r:allup and 

t0rminatcs in the Carrizo Mountctins vTest of Shiprock. Intervening depressions 

betw0<:'11 t.he5E' uplifts inelu<'le the ChaP'la F.mhay·m:mt on the northeast, the Acoma 

~<~" and Mc<:artys syncl j no on tho south, and the C...allup Sag on the southwest. 

'T'n t-he south of the h"lsin 1 J ieG the IVIogollon Slope, also lrnCMn as the 

Datil section of the Colorado Plateau. l:n this location, '!'ertiary volcanic 

reeks ~nerally c<1p older· 'T'ertiary an0 Mesozoic sedirrentary strata, and 

faulting and folding rcc~ rrore intense than in the San Juan Basin to the 

nort.h. Potential and known nraniu:rn c'leposits occur along a rrajor unconforrnitv 

between the Cretaceous Mesaverde Forma.tion and the overlying Eocene(?) Baca 

FornuLion. SC11ll.~ FOLential might also occur in Miocene volcanics and associat­

e1 St~1 irTntary strata in the San Augustin Basin. 
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San Juan Basin 

'1'Wo areas within the basin have been important centers of uranium pro­

duction, the Grants Mineral Belt and the Shiprock-Sanostee area. Figure II-2 

shar.rs the area of the San Juan Basin. 'l'he Grants Mineral Belt r:ontains the 

largest producing mines and the hulk of total uranium reserves in the United 

Rtates. The area is· approximately 100 miles long and 25 miles wide, stretch­

inq fran the Gallup Sag near the Arizona border on the west to the Rio Puerco 

on t11e east. Structurally, the belt is nearly coincident with the Chaco 

Slope, Which fonns thr~ gently dippinq southern edge of the San ~luan Basin 

north of the Zuni Uplift. With the exception of one, all of the state's 

active mines, roth unc'lerqrolmd ann open-pit, are located within the belt. 

Four mining districts have been delineated within the belt, and are, fran west 

to east, the Gallup Church Rock, Smith Lake (Blackjack), Anbrosia Lake, and 

Laguna mining district (Figure II-3). 

Fiqure IT-2. Tectonic ~'lap of the San .Juan Basin anCl related tectonic features 
in the New MP..xico }X)rtion of the Colorado Plateau physioaraph ic province 
{modified after Fassett and flin<'ls, 1971, ann Kelley, 1951). 
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The largest k.ncwn deposits c:x:xmr in the Morrison Fonnation, althouoh the 

Todilto Limestone has produced almost 2 percent of total historic New Mexico 

production. In the Grants Mineral Belt, two llBilbers of the Morrison Fonoation 

ac~count for the bulk of production: the Westwater Canyon .::iandstone Member and 

the overlying Brushy Basin Shale Member. Mineralization occurs throughout t.he 

Westwater fran tcp to lx>ttan, the unit ranging frar about 90 ft to nnre than 

290 ft in thickness. Brushy Basin deposits occur at the tcp of the member in 

a sandstone termed the Jackp ile Sandstone of econanic usage in the Laguna 

district, as well as within a stratigraphic zone of intertonguing between 

sandstones in the basal Brushy Basin and overlying Westwater canyon. 

Stratigraphic sections at Church Rock:, Ambrosia Lake and Laguna are presented 

in Figures II-4, II-5 and II-6. 

Access ID No. 04133 

Pirrurc II-3. SimplifiErl C',eologic Map of San Juan Basin in New Mexico 
;-mel adjoining areas showing knC1.11I1 trranium dep:::>sits, exploration areas, 
mines, !T!1m.ng districts, and q->erating mills (adapted frar H. Bolen, 
0. S. Dcpart.Irent of F.nerqy, 197 6 ) . 
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Figure II-4. Stratigraphic section of the Church Rode area, ~-~Kinley 
~ounty, New Mexico (Chenoweth, w.r_,., and r.earn~, E.A., 1980). 
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Fiqure II-5. 
and Valencia 
1979). 

Stratigraphic section of the Ambrosia Lake area, Mc~inley 
Counties, New Mexico (ChenC7.11leth, W .L., and I.earned, E.A., 
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Piqure TI-6. Stratigraphic section of the Laguna-Paguate ArP~, ''alencia 
County, New ~..xico (Chenoweth, W.L., ano T.earned, E.A., 1979). 
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Most derx::>sits in the Grants Mineral Belt are aligned in roughly parallel, 

P..n echelon trends within the Morrison that are tens of miles in length and 

usuRlly less than a mile in width (Figure II-7). Individual deposits shown on 

the map rcsernhle a string of sausages. Many ore deposits occur aloncr oxida­

tion-reduction fronts. The deposits generally follow najor Morrison sedi­

rrentary depositional trends as canposite, hrai0e0 cut-and- fill "channels." 

The sandstone host rock is generally fine-to coarse-grained, feldspathic, and 

fX)'Jdy sort.ell. Deposits are epiq:metic and occur in three widely recognized 

fnrms: (1) tabular, (2) stacked or rerlistributed, and (3) roll-type (Figure 

IIR). The uranium occurs r'lS interstitial, grain-houndar.y coatings of cof­

finite (a potassium silicate of uranium oxide) and uraninite (primary uranium 

oxide) within sandstone host rocks. Carbonaceous plant natter and humate are 

not everywhere present hut may occur intimately associated with the lleposits. 

Tabular anfl roll-tyre ore hodies ma.y :t:e several thousand feet in length, 

several hundred feet in width, and tens of feet in thickness (Figure II-8). 

Such deposit...s are thought to have no direct structural control but are con­

trollGd rather by favorable stratigraphic, sedimentologic, and geochemical 

criteria. On the other hand, stacked or reiistrihuted ore hodies may be more 

erratic in rrorphology, sorrewhat en echelon in cross section or "stacked" 

nearly vertically along faults and fractures. ~ecular equilibrium is the 

state t.hat exists when the number of disintegrations per second for each 

~r of the uranium decay series is the sarre. It is observe:l less in re­

rUstributed deposits than in tabular or roll-type der:osits, especially in the 

Church Rock and Smith Lake districts. Radiaretric assavs c:an he higher than 

chemical assays when a state of secular fliseguilibrium exists, and the result­

ing anomalous radioactive c:ount can he misleadinq in evaluating a }:Otential 

<'ll':!posit at flepth through <1rill-hole intercepts. Similarly, ore which is in 

disO]Uilibriurn presents a prcblem in mining as it does not carry the quantity 

of chemical uranium that would otherwise be detectable with scintillareter 

prCll::lcs. 

Trends have been delineated northward and basil1'Ward across the entire 

Chaco Slope through intensive exploration drillinq proqraJ'TlS since the early 

1970's. f'Jepths of mineralization rray exceed S,OOO ft. Although the Nose 

Roc!k roll-front tre.nd, lliscovered hy Phillips in 1974, in T. 19N., R. 11W. 

an<'l R. 12W., is presently recongr1ized as the northernmost hasinward orebody, 

min0ralization has been int.erceptec1 through deep tlrilling in T. 21N., R. QW., 
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Fimn:-·:? T"I:-'7. Ore distrib.Jtion ano .:;tructucal :::ontour rBP :1f the southeastem ;r!:>rosi::J. 
'".c:t%8 "irei'l.,"' "4~., 'R. 8t•1.; (K,~lley et al., lq63, f'"CX~i:'ier'!). 
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Figure II-8. Generalized cross section throuqh trend, stack and roll-type ore ,-JejX)sits, Grants 
Mineral Belt, New '1exico (J"'()(iified from Cheno.-.1eth, 1979). 
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and R. lOW. in the Chaco Canyon National Monument area (Bendix Fielc'i Engineer­

ing Corp. , 1980b and 1980d) • 

Todilto uranium mineralization is confined to lithologically favorable 

7.ones associaten with fracttrring, faulting, and/or hiohermal structures withjn 

the Tooilto Li.n'Estone. Because of the econcmics of the Limestone deposits, 

mininq has heen limited to shallCM depths along the Todilto bench in the 

vicinity of Haystack Butte where the original Grants Mineral Belt discovery 

was made, ann to so~re extent around Laguna to the southeast. Todilto ore has 

been proouced fran Box Canyon prospects in the Youngsville-Abiquiu area 

(Chenoweth, 1974). '!'rial shiprrents of uranium-bearing Todilto lirrestone have 

also been made fran the Sanostee area on the western slope of the basin and 

the Olama Basin on the east. Todilto ore has also been produce(! at the Box 

C~yon prospect in the Youngsville-Abiquiu area (Chen<:Meth, 1974). The uran­

ium geolcqy of Todil to Lirrestone deposits is discussed by Rawson ( 1980). 

'rhe second important uranium prcrlucing area in the San Juan Basin is the 

Sanostee area located southwest of Shiprock in the Chuska mining district. 

Important deposits have been mined fran the Recapture and Salt \'lash rrernbers of 

the Morrison Forrration where Lrranium-vanadium deposits occur in fluvial sand­

stones. The Shiprock district to the north of Sanostee has also been im­

}X)rtant in tm:ms of past production in New Mexico. Derx>sits occur in the Salt 

Wash Member where fluvial sandstones and interbedded mudstones are favorable 

host rocks. The Salt wash is the lowest member of the Morrison and is present 

only in the northwestern part of the San Juan Basin. Blaqhrough and others 

(1955) have studied the uranium geology of the Salt Wash and Recapture de­

posits in the Sanostee area. The two Morrison rrernbers have different source 

areas resulting in the occurrence of favorable Salt Wash host rock north of 

the Sanostee area and distinctly differing ore controls in the two units. In 

the East Carrizo area, the Salt Wash is the principal host rock. Where distri­

butary sandstone channels rrerge into floodplain deposits, localized carbona­

ceous debris and abrupt lateral changes in pertTeability have produced highly 

favorable loci for uranium mineralization (Blagbrough, personal canmunication, 

.1nne 1980). Depositional environments as ore controls in the Salt Wash of 

the Carrizo Mountain area are fiiscussed in a paper by Huffman ann others 

( 1980). On the other hand, in the Sanostee area where the Recapture rrerriter is 

the principal host rock, ore is controlled by large intraformational m.1dstone 

c;alls am calcareous concretions in channel sandstone units. Unlike Salt Wash 
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deposits, carbonaceous 11'\"ltter does not appear to te ah.mdant or as important 

as an ore control. Ab..mdant interstitial nud may re derived fran altered 

feldspars as a source for the uranium. Sandstones near uranium occurrences 

are leached white in contrast to the usual reddish or salmon colored Recapture 

(Rlaqbrough, personal canmunication, June 1980). Other host rocks for uranium 

in the San .Tuan Rasin include the Dakota Sandstone, the Mesaverde Group of 

Cretaceous aqe and the Ojo Ala.tl'O and San Jose formations of Tertiary age. 'l'he 

Dakota is min~ralized at several localities in the (;allup-Mlhrosia Lake and 

Cuba areas, and has recorded production especially in the Gallup-Church Rock 

area. 

Uranhun-rearing liqnitic coal and shale in the Menefee Formation of the 

Mesaverde Group near La Ventana south of Cul:a has l:Een studied by 11achrna.n and 

others (1959) at North Butte. The Fruitland Formation of late Cretaceous age 

is mineralized in an area northwest of Fannington. 

The Burro canyon Formation of Early Cretaceous age contains uranium in 

the Canjilon area of the Chama. Embayrrent. Saucier (1974) has describerl the 

formation, its relationship to Jackpile Sandstone in the Laguna district, and 

its uranim occurrences. 

The nnst current collective work describing the geology of individual 

uraniiJITI deposits in the Grants nranium reqion is Mem::>ir 38, published by the 

New Mexico Bureau of Mines anil Mineral Resources, and entitled "Geology and 

mineral t:echnoloqy of the Grants uranium region 1979". 

Sou~hern Rocky Mountains 

Two major prongs of the Southern Rocky Mountains extend into 'f\lew Mexico 

froM Colorado. The eastern prong consists of the several folded, anticlinal 

ranges of the Sangre de Cristo Mountains. ~he westen1, largely volcanic prong 

enters at t·hc Colorarlo borrler retween Chama and Tres Piedras as a southern 

extension of the San Juan Mountains, and culminates in the Jemez ~lbuntains 

south of the Valles Caldera near TJos Alarros. The Rio Grande Rift separates 

the two areas of the !'Jew Mexico Rockies and is a zone of rleep crustal faulting 

more transitional with the Rasin-Ranqe province to the south. 

nranium <~currences in the New Mexico Rockies are confined largely to two 

types of geologic settings: { 1) vein and pegmatite occurrences associated 

with Precambrian granitic and ~retamorphic rocks, and {2) epigenetic occur­

rences in sedirrent.ary strata. ChenaNeth ( 1 q79) has described rrany of the vein 
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and pegmatite occurrences in the ranges of the New Mexico Rockies as \\\?ll as 

the sedim::!ntary types. Uranium-rearing pegrnatites are known in the Rincon 

Range (Elk Mountain district) west of r.as Vegas. Seven such pegmatites have 

been investigated in aC!dition to the Old Priest pegmatite in Section. 2fi, 

T. 15N., R. 14E. The principal uranium mineral in the pegmatites is identi­

fied as saroarskite in association with thorium and rare-earths. To date, the 

peqmatites are thought to be too sporadic to encourage additional exploration. 

Roth pegrna_tites and fractured Precambrian rretarrorphic rocks are kn0111n to 

contain uranium minerals in the Picuris Range ~st of Dixon in Rio Arril:a 

County. Radioactive minerals have also teen noted in peqmatites in the 

Truchas Range east of Espanola, and sedimentary rocks in adjacent areas (the 

Tesuque Porm::ition of Pliocene age) are nlso known to contain uranium minerali­

zation in association with carbonaceous zones and clay galls. 

To the \\\?St, in the Tusas-Brazos Uplift ootween Chama and Tres Piedras, 

the Petaca pegrratites contain sparsely disseminated uranium (samarskite) in 

]:)elrratites and in quartz-fluorite veins (ChenCMeth, 1974). The occurrences 

are associated with commercial mica deposits and are considered uneconomic in 

themselves, although the area has never heen intensively investigated. 

Rasin and Range Province 

The Basin and Range physiographic province constitutes rrost of south­

western and central New Mexico where block-faulted rrountain ranqes alternate 

with intervening resins, mstly trendinq in a north-south Clirection. ~untain 

ranges include, am:mg others, the r.a<'kon, Caballo, Guadalupe, Burro, Sacra­

mento, Sandia, Sierra Blanca (White), and Hueco rrountains. The Estancia 

Rasin, Rio Grande Rift, ,Jorna('la del Muerto, and lm:ima.s Valley are arong the 

important intervening oosins of the New Mexico portion of the province. 

The block-faulted ranges typically have Precambrian cores which are cap­

ped wH:h Tertiary volcanic, and Mesozoic and Paleozoic sedimentary rocks. The 

adjilcent basins are floorc<l with the saJ'I'E strata which are in turn covered 

with hundreds of feet of 'l'ertiary and ()uatemary sedimentary and volcanic 

rocks derived fran the nearby ranges. Uranium occurrences are thus found in a 

variety of geologic settings; (1) the highly faulted and fractured :tedrock of 

t~P ranges e.ith(~r as a hydrothermal vein or fracture-type neposits, or <'lis­

S0minate<l rngmati.c or contact rretascr.~atic deposits within the granitic cores 

or associAted netam::n:phic rocks; or ( 2) in sedirrentary strata within the 
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ranqei> or- i..n the adjoinin9 h1sin-fill as epigenetic r1eposits; or (3) as occur­

rences in a wide t:"anqe of volcanic rocks. 

One unique occurrence of uraniUJ11 is found at the T.a Rajada mine locate<"l. 

in thr:> Santa F'e River rAinyon southwest of Santa Pe. Here, the mineralization 

is in t:he P.spinaso Volcanics (Oligocene) where the fonnation is intruded by a 

l iml:urqitc~ dike (dlenCMeth, 1979). Although uranium minerals have teen de­

tected nearby on joint surfaces of the Cieneguilla Limburqite and in sedi­

r-entary rocks of the Santa Fe Group (Pliocene-Pliestocene), the potential for 

locating ailditional econanic occurrences is considered relatively poor due to 

the restrictive nature of this type of deposit. 

In the Socorro region, two principal properties have recorded uraniUJ11 

production, the ,Jeter mine north of Socorro, and the Lucky Don prospect east 

of Socorro. 'J'he Jeter mine dew~loped in a sheared fault contact retween 

the Popotosa Formation of Miocene age and a Precambrian granite. The recorded 

production fran the ,Jeter is 8,826 tons of ore, which has averaged 0.33 per­

cent U~:Pw No production has b::en recorded since the 1950's (Holen, personal 

carununication, ,July 1980). 

The Lucky Don prospect is locate-d in Section 25, T. 25N., R. 2E. east of 

t.he Rio Grancle in Socorro County. 'T'he occurrence along a northeast trend­

inq fault zone l::etween the Permian San Andres Limestone and the underlying 

Yeso Fonnation, also of Per:roian aqe. Total production has l::een 1,022 tons of 

ore averaging 0. 22 percent u3o8 (Holen, personal ccrnmunication, ,Tuly 1980). 

i\U.hough additional occurrences are known in the area of T. 3 & 4 S., R. 2F:., 

they have recorde<l only minor proouct.ion. 

Several companies have indicate:-1 interest in favorable basin-fill and 

associated evafX_)rite (calcrete} enviroi111'1ents in Hidalgo County near rJordsburq, 

the Anima.s Valley ha.sin in r:>arl:icular. 0t11er Ra.sin-'Range occurrences include 

small vein de.r:x,sits in t.he Soc..'()I.To vicinity, Socorro and Sierra counties, and 

rlif;seminatoo uranium mineralization in the Rurro Mountain granite in Grant and 

Hi('l,llgo counties of southwestern New Mexico. 

Sedlm:mtary occurrences in the Eocene Galisteo Formation of the Haqan 

nasi.n i.n Sandoval ;:m<l Santa Fe counties have ~en delineated and are currently 

under rleveloprri':~nt (Moore, 1979). Similarly, the Galisteo appears to l:e favor­

able for aik1itiona1 uranium reRnnrces ooneath the Galisteo, Haaan, and F.:s­

tancia h'lr-d.n.s in Santa Fe, Sannova l, and Torrance counties. The overlying 

Espinaso Volcanics ann adjacent Precambrian PeClernal and Sangre de Cristo 

upl i ft.s may b:' likely sour-ces of lYJinerrtl ization within the Galisteo Formation. 
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r.reat Plains Province 

In New Mexico, the Great Plains province lies east of the San')L""e de 

r:rtsto (Southern Rocky) Mountains and the Pecos Rn1er. Sed.i.rrenta.ry strata 

that comprise the plains province range in age from Paleozoic toouaternary. 

In the northeastern part of the state, Cretaceous strata are locally overlain 

hy QUaternary volcanic rocks as at Capulin fllbuntain. To the south, on the 

Llano Estacada, the plains are capped with caliche deposits of the Ogallala 

Fonnation (Pliocene-Pleistocene). Where the Pecos and Canadian rivers have 

clc·eply <iissecte<'l the plain, . rocks largely of Pemian and 'T'ria8sic aqes are 

e> .. xposed as in the Canadian esca.rprent and the Pecos River Valley. Faulting is 

gener::-.Jlly lacking, but gentle folds, domes, and flexures are evident through­

out the New Mexico portion of the pr011ince. 

Several stratigraphic units ranging in age from Permian through 0uater­

nary have known occurrences of uranium. These include, fran ol<iest to young­

est, the Sangre de Cristo Formation of Permian and Pennsylvanian age in the 

Las Vegas Basin; the Yates Formation of Permian age at Rocky Arroyo near 

Ci'.trlsba.d; the Tbckum Group (Chinle) of Late Triassic age at several localities 

near the Pecos River, along the Canadian esca.rprent and in the vicinity of 

Tucumcari; the Morrison Forrration of ,Jurassic age; and the Gatuna Formation of 

()uaternary age in north-central Lea County (Finch, 1972). 

In alJTOst all instances, mineralization is associated with organic ma.tter 

in sanostones and dolomites. 'T'he Chinle occurrences in the Sabinoso district 

along the Canadian escarprent in San Miguel and fllbra counties appear to re 
related to the Sierra Grande arch since all deposits are south of the arch 

which app;:irently influenced sedirrentation during the Triassic. The deposits 

occur in a middle sandstone tmit of the Chinle Formation and appear to replace 

orqanic debris in channel sandstones (Wanek, 196~) . 
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CHAPI'ER II I 

EXPLORATION BY THE TlRANIUM INDUSTRY 

~loration Highlights, 1979 - 1980 

The San Juan Basin continued to be the prime area of exploration activity 

as newer and deeper mineralized trends within the Westwater Canyon Sandstone 

Me~r of the Morrison Formation have been drilled basinward, thus extendinq 

the r.rants Mineral Relt northward.. Hineralized intercepts at depths in excess 

of 4, '100 ft. have teen reported ne..ar Chaco Canyon (BenCiix Field Corp. , 1980) . 

New exploration concepts continue to be revealed including the announcement by 

Phillips Uranium Corporation of a large roll-type deposit at its Nose Rock 

project northeast of Crownpoint. The Phillips discovery of large-scale roll­

type deposits in the Westwater Canyon Member is the first recognition of this 

particular type of deposit in the San cluan Basin of New Mexico, where roll­

front rrorphology and geochemistry ~re employed as primary exploration and 

development guides. Roll-type deposits have been described within the Grants 

Mineral Belt as early as 1972 (Kendall), but their morphology and geochemistry 

had not reen successfully employed as oreguides prior to the Nose Rock c'lis­

covery. A geologic description of the Nose Rock deposit is presented by Clark 

( 19RO), and roll-front exploration criteria are discussed by Rhett ( 1980). 

In addition to the Phillips Nose Rock ore trend, three distinct. ani 

somewhat parallel mineralized trends appear to have tEen delineated in the 

Cro.vnpoint vicinity through intense exploration drilling since the early 

1970's. To date, sane 75 million lhs. of n3o8 reserves have been delineated 

within these three trends, which are as yet only vaquely defined and somewhat 

open-ended to the east and west. other areas within the San cTuan Basin that 

are being explored include the eastern and ,Nestern extremities of the Grants 

Mineral Belt at Bernabe-Montano and at Church Rock, respectively, the western 

San ,Juan Basin near Sanostee, and the eastern San Juan Basin or Chama Embay­

ment near Canjilon. Major new deposits and extensions of known deposits 

continue to be discovered and delineated within and north of the known Grants 

Mineral Belt. Church Rock, Pinedale, nalton Pass, Crownpoint, Nose Rock, 

Borreqo Pass, West Largo, Hospah, Mount Taylor, Marquez and L-Bar Ranch are 

all areas where exploration and developrrent drillinq is reported to be concen­

trated. other areas within the basin reyond the fringes of the mineral rel t 
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have also received limited exploration drilling. Hinor discoveries within 

these areas will have to await rrore favorable uranium rna.rket econanicE before 

they can :te developed or further investigated for econanic feasibility. 'l'he 

Westwater Canyon, salt v-,Jash, and Recapture Memrers of the r.nrrison F'o!T'\3.tion 

are the exploration targets ne.ar Sanostee, and the Burro C'.anyon Forrna.tion i~:; 

the target in the Chama Embayrrent. 'J'o the south, there has teen limiter'1 

success in rJefining mineralization on the F:ast Moqollon Slope in the Datil­

()uema.do area, where t.he 0..xploration tarqet is the unconforT!'lity l::et~aTI the 

Cretaceous Jl1esaverde Group and t.he overlying Eocene (?) Raca Fonnation. 

nurinq early 19AO, Phillips UranilllTl sul:rri.tted a proposal to t.he Carson 

National Forest to dri 11 retween 12 and 19 exploration holes in Rio Arriha 

rounty near 'I'res Piedras but that project has l::een cancelled after 6 rronths of 

environmental and regulatory delays. 

Plans for exploration drilling in the Galisteo Rasin south of Santa Fe 

have l::een announced by Rx:xon. The Galisteo Formation of Tertiary age has h2en 

selecte1 as t.he target since t.his stratigraphic unit is also kna.vn to l::e the­

host of a deposit in the nearby Hagan Basin which is currently beinq developed 

by Union Carbide. Lone Star Mining ;:mcl neveloprrent Canpany has filed plans 

for additional exploration at the inactive La Bajada mine site located 4 Miles 

west of La Cienega in Santa F'e County. 

:1\s a result of the n.s. f:eparbnent of F:nerqy's 1-lURE (National UraniuM 

Resource Bvaluation) program, a rai'lioactive anomaly was discovered on tJle 

southwestern flank of Costilla Peak in the Culebra Range of northern New 

'·1exico in Taos rounty. Tht~ ananaly occurs in an area underlain by Precambrian 

granite and pegmatite dikes, roth of which rray be a likely source. Althouqil 

t.he ancroaly is still under investigation, stream sed:i.nent, rock, and water 

samples are ooing collecto-'1 along the principal drainage, Costilla Creek. 

Sorre sedin'ent samples are rep:::>rted to ranqe up to 7, 688 ppn (parts rer 
million) u3o8, rock samples to 461 ppn n3o8 , and water samples fran 59 to 380 

parts per billion (Reio et al., 1980). 

~oration Techniques 

Historically, exploration techniques have included geologic !"lla.ppinq and 

sampling, radi~tric, qeophysica] and qeochemical surveys fran the air and 

ground, the sinking of test pits, trenchinq, rim stripping by b11ldozers, a."'ld 

rlrill inq. Bvidence of early uranium exploration activities can re seen 
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throughout the Grants-Ambrosia Lake area in the fonn of abandoned orill roads, 

prospect pits, ann drill sites. New techniques include but are not limite:l to 

g-ecx::hemical and heavy mineral criteria associated with roll-~ de}X)sits, 

oxidation-reduction (redox) zone recognition, helium surveys, radon rronitorin0 

u.sinq a patented track-etch device, canputer rrodeling, and direct measunnent 

of uranium by pulsed-neutron borehole lcgginq. 

Drilling 

Since all surface outcrops of uranium ore have prohahly been discovereJ, 

the eJqJloration effort today is concentrated on detecting subsurface deposits, 

with the Westwater usually reing the target. Sorre "wildcat" frontier type of 

exploration, however, is reing undertaken, incluiJing areas outside the San 

Juan Basin. Drilling is the only technique which can he used to determine the 

actual occurrence of ore bodies helav the earth's surface. Dri llinq rigs vary 

in size and type. Since sane drilling is being conducteii at depths of as llUCh 

as 5,500 ft., rigs capable of neep penetration are necessary. Nearly all of 

the drilling is hy truck-m::>unted rota:ry rigs capable of drilling 5 3/4 or 7 

7 /8-inch dia.~reter holes. The upper part of the hole rnay be drilled by air to 

the water tahle a..I'lft the remainder of the hole drill€il by water and mud. A 

tricone rock hit is used for drillinq. niaroc:md bits are used for coring. 

'I'hc rig qJerator may lay out drill cuttings on the ground near the rig 

(on~ line of small samples representing 100 ft.) taken at oesiqnaten inter,r~1s 

(usually S ft.). 'I'he staff geologist then analyzes these sarrples and m:.'ly 

reserve por-tions for lal:x:>ratm.y analysis. Normally, all cuttings are hagged 

and retainect for future stucty. 

If the hole is core drilled, the geologist must specify exact footn.qe 

intervals to be corm within zones of interest. This selection of core point 

and core interval is vital since the sample cbtained will be the only rel.=t­

tively un<iisturl:xrl spec:i.Jmn of the mineralized rock. Cores are split verti­

cally into two or m:)re portions; one portion retained for safe-keeping and 

other portions for assay and geologic ann enqineerinq testing. 

T\ more oetai leil. aceotmt of exploration rrethods in the Grants Mineral Rei t 

of New Mcxi.c-x) can he found in New Mexico Bureau of Mines and Mineral Resources 

Memoir 38, in an ,3rticle by Davia C. Fitch, (1980). 
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Geoph:r:sical Uranium Borehole Logging 

When the oorehole reaches the geologist's assigned TD (total deptL), it 

is; loqgen. The mineral industry usually contracts a private qeq::>hysical 

canpany to provide this logging service. Basically, uranium torehole logqing 

involves sendinq an instrument pctckaqe or "pro~" down the hole, makina 

measurements during its ascent, and recording the data. The desired result of 

this 1-2 hour operation is a qecphysical loq, usually canprised of QaJ'!ITla-ray, 

S. P. (self-potential) , and resistivity curves. All three parameters are 

graphically recorded on paper as a function of depth and have related, yet 

distinct, applications. 

The ganuna-ray curve is a rreasurment (in counts per second) of the natural 

radioactivity of a formation. Because the daughter elenents of uraniun spon­

taneously emit gamma rays, a scintillation device within the pro~ is employed 

tn detect these radioactive emissions. Once the natural qamma data is record­

ed, the resulting log can l:e used to interpret specific amounts of equivalent 

u3o8 (uranium oxide) in a particular zone (Fitch, 1971). Ore-arade calcula­

tions l:ased on interpretation of a qamma rerun prove relatively accurate in 

the Grants Mineral Belt; hc:Mever, trethods of interpretation coupled with 

certain hole-specific factors can influence ore value determinations. Con­

ditions under which the gamma log was recorded (i.e., rorehole diarreter, 

K-Factor, dead-time, water factor), therefore, must be taken into account. 

Other uses of the gamrra curve are: Ore reserve calculation, wide-spaced 

profile analysis, correlation and mine planning. 

"1"\o.n electric logs applicable to uranium exploration are self-p:>tential 

and resistivity. The SP voltage IXJtential differences are measured (in 

millivolts) between two electrodes: a lead nose on the ascending probe ~1 a 

lead "mudfish" in the surface mudpit. The voltage potentials develop in the 

lnrehole 1JY ~lectrochemical, oxidation-reduction, and electrarechanical action 

h~tween the minerals and the solutions with which tJ1ey are· in contact. 

Information provided by the SP log is useful for location of stratiaraphic 

ooundaries; identification (lithology) of rock type, e.g., sandstone, shale, 

etc.; and correlation with other logs (Century C'-eophysical Coqoration, 1971)). 

The resistivity curve also serves as an il!tportant correlation tool during this 

phase of exploration. Because resistivity is a l:asic electrical property of 

rock ll\3terials closely related to their lithology, passage of a constant 

current through an electrode into surroundinq formations will result in a 
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voltage drop which can be detected and recorded. The formation water conducts 

this current almost totally, making the sequential log largely a rreasure (iP 

ohrn.s) of fonnation water resistivity. Formation JJOrosity can then be calcu­

laten through interpretation of this curve. (see Ficrore III-1) 

During exploration drilling, the borehole may "drift" in attitude from 

the true vertical (for rrany practical reasons). To accurately determine the 

location of the hole, a vertical deviation survey is perfonred. A Cleviation­

sensing tool, sortEt.ilres mounted in the probe, takes oown-hole readings of 

various ccmponents of the earth's magnetic and gravitational fields. Orienta­

tion of the tool itself, with respect to these components, is determined and 

inteqrated into overall deviation calculations. Results of this survey provide 

data of the hole's distanre and direction fran true vertical, which is im­

portant in determining the exact location and JJOSition of a subsurface ore 

body. Figure III-2 contains an illustration of a vertical deviation survey 

along with pertinent hole information. 

Presently two systems of log recording equiprrent are available, each 

nountoo in specially designoo, high-clearance vehicles. The conventional 

"analog" system :imrrediately records the borehole data on graph paper as the 

ascending probe relays the information uphole •. The "digital carputer" system 

allows real-time data signals from the prcbe to be monitored on a video dis­

play terminal and recorded simultaneously on magnetic tape. The tape is then 

processed by canputer and plotted in graph form. While both systems provine 

accurate, reliable borehole data, industry preferences exist with relation to 

price, function, and specific needs. 

Once the borehole has been logged, it must be plugged according to speci­

fications estahlishoo by the State P.ngineer and mandatoo by state statute 

(NMSA 69-3-6). This procedure is a necessary precaution to prevent inter­

aquifer connections and possible future surface flow and to in..c;ure unoer­

ground mine safety when development reaches that stage. 

La.nd Hal <'li.nqs 

Among the 14 Western states where lands are held for uranium. exploration 

and mining, New Mexico ranks thirrl in total acreag':! held. Wycming ranks 

first, with Utah second, and Colorado fourth after New r1exico. The distribu­

tion of lands by the six leading states is as follows: (after Figures 1 & 2) 
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Access ID No. 04133 

Figure III-1. C£ophysical log depicting the ~1ree basic curves utilized 
in uranium exploration. ~hree zones of Mineralizrttion (90ft., 130ft., 
and 190 ft.) are container'i in the aaJ'lma curve; (f:entury \.,eophysical Corp­
oration, 1980) 

DEMO LOG 
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Figure III-2. Illustration of a vertical deviation survey; (Century 
Geophysical Corporation). 
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HOR SCALE SFT/IN 
VER 1+1 200FT 
TRUE DEPTH 4040 
OEV DIST 17.2 
MAG DECL 13.5 
AZIMUTH 186 
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(Distribution of ]ands by the six leading states) 

State 

Wyoming 

Utah 

N'EW ffiXJ 0) 

rolora<'lo 

Arizona 

'T'exas 

Other 8 states 

Acreage 

12,416,000 

7,03R,OOO 

4,652,000 

3,901,000 

1,662,000 

1,539,000 

3,953,000 

Cumulative annual acrcaqc held by cormty in Ne.v Mexico for uranium 

exploration and dcvelopnent during 197? is shCMn in Table III-1. r.and trans-

actions in acres by county, including lease tenninations and claiM abandon­

rents, are also shc:Mn. 

Period 

ctMJLATIVE 'IUI'AL to January 
1,1979 

Total Janl.llii:Y 1 to JUne 30, 
1979 (see previoos report) 

L.aln transact ions July 1 to 
December 31, 1979 

Bernalillo 
Catron 
Dona Ana 
Grant 
Gu.sdalupe 
Hidalgo 
Linroln 
Luna 
l'k:Kinley 
otero 
Rio Arriba 
Sandoval 
San Juan 
Santa Fe 
Sierra 
Socorro 
Valencia 

Total July 1 to flec~r 31, 

Total for calendar Jlf:"ar 

CUMULATIVF. 'IUI'AL to January 
1, 1980 

Access ID No. 04133 

Table III-1 

APPR0x::£M11.TE IICRE.AGE HELD BY aJ.lN'1'Y JIR) IJ1ND CATJn>RY 
(Bendix Field Engineering COrporation, 1980a) 

Federally 
State Claim aCX]Uired Indian Fee 

431,461 21098!515 608 386,215 1!362!390 

(301284) 305!140 26,940 

(4,596) 
26,055 
2,206 
5,357 
2,879 

11,737 
(1,440) 
7,762 

(2,113 2,440 
1,370 

(2,077) 
1,044 1,100 

(1,283) 
(341) 

5,170 
14,551 

796 

1979 67,077 __ 3,540 

36,793 308,680 26,940 

468,252 2,407,195 608 386,215 1!389,330 
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Total 

4!279!189 

_]_Q_h_796 

(4,596) 
26,055 
2,206 
5,357 
2,879 

11,737 
(1,440) 
7,762 

327 
1,370 

(2,077) 
2,144 

(1,283) 
(341) 

5,170 
14,551 

796 

70!617 

372!413 

4!651,602 
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Table III-2 indicates the land held for uranium exploration arrl mining fran 

1974-1980. 

Table III-2 

LAND HELD FOR URANIUM EXPLORATION AND MINING IN NEW MEXIOO 

(U.S. J::e]Jartrnent of Rnerqy, 1980a) 

Thousand Percent of 
nate Acres Total u.s. 

1/1/74 3,158 17 
1/1/75 3,378 16 
1/1/76 3,663 16 
1/1/77 3,885 14 
1/1/78 3,855 13 
1/1/79 4,279 13 
1/1/80 4,652 13 

This table shows that the amount of land held for uranium exploration ann 

mininq in New Me~ico has increased very little in the last 5 years and per­

ce_ntaqes of New Mexico's share of the United States total has dropped. This 

decline is probably due to the continuing concentration of interest in the S;::m 

Juan Basin area, with the Westwater receiving rrost of the target drilling. 

Since the occurrence of uranium in the San ,Juan Basin has l:een known for 

several years (see Chapter I ) , most of the available areas of interest have 

already been obtainerl through claims ann lease agre~nts. 

This acreage has teen distril::uted among state, federal, Indian, ann 

private (fee) lann as follows: 

OWnership 
Federal (claim) 
State 
Indian 
Pederal (acquired) 
Total 

Surface Drilling 

Acreage 
2,407,000 

468,000 
386,000 

1,000 
4,652,000 

In 1979, a total of 40 million ft. was drilled in the United States for 

trranium exploration and neveloprrent. Areas of drilling interest include'! 

shallow low-grade deposits in lt1yaning, and areas in Texas, Utah, Colorado, ann 

~stern Arizona. 'T'able III-3 shows drillinq activity in New Mexico in the 

past few years and indicates the percent of total TJnited States drilling this 

has represented. As the tahle shows, 1976 was an irnp::>rtant year for drillin'1 
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in New Mexico. 'T'he activity in that year led to a large incr~:Ise in the 

state's reserves. 

Table III-3 

DRILLING IN NEW MEXICO FOR URANIUM EXPLORATION AND DEVEL0Pr'IP.N'1' 
(n.s. Enerqy Research and Oeveloptrent Admin., 1976-1977; 

D.S. I::epartment of Energy, 1978, 1979a, 1980a) 

Thousands Percent of Total 
Year Feet Drilling in U.S. 

1975 5,698 21.9 
1976 11,020 32.4 
1977 9,100 22.2 
1978 9,922 21.1 
1979 6,277 15.5 

A total of 6,277,240 ft was drilled in 153 exploration and developnent 

projects during 1978. This activity in l'la.~ Mexico represents 15.5 percent of 

total nnited States nrilling, as canpared with 21.1 percent in 1978, 22.2 

percent in 1977, 32.4 percent in 197f:i, and 21.9 percent in 197'5. The averaqe 

hole depth in New Mexico was 960 ft. 

'T'he 197Q New Hexico total incluoes 3,199 exploration holes for a total of 

1,989,821 ft i!rilled and 4,100 <'leveloprrent holes for a total of 3,287,417 ft 

drilled. As in 1 Q78, McKinley County claimed the b.llk of all exploration ana 

developrrent clrilling, although Valencia and San cJuan counties continue<'! to 

sh<M extensive drilling activity. The drilling in San Juan County reflects 

to sOTT'e drgree the effort that has tEen ~nded on deep drilling near Chaco 

Canyon as well as drilling on the Navajo Reservation. The drilling that tcok 

place in Catron County was principally undertaken to explore the Tertiary Baed 

Fonnation. Table III-4 shows surface drilling in New Mexico during 1979 1::"{ 

county • 
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Table III-4 

URANIUM SURFACE DRILLING BY ())UNTY IN NEW N!EXICO DURING 1979 
(W. L. Chenoweth, Augu.c;t 1980 ) 

Exploration Developnent 
County No. of Holes Footage No. of Holes Footage 

Catron 708 326,556 66 37,400 

Sandoval 96 39,713 66 37,400 

McKinley 1,748 1,975,484 3,834 3,058,467 

San ,Juan 155 230,674 0 0 

Valencia 219 220,150 220 191,550 

Others * 273 197,246 0 0 

Totals 1,199 2,989,823 4,100 3,287,417 

* Rio Arriba, Sierra, Socorro and undisclosed. Includes Chaves, ('..rant, 

Surface drilling is expected to decrease slightly in 1980 canpared to 

1979 and to decline further during 1981. According to the industry survey, 

total surface drilling in the nnited States l:etween 1979 and 1981 should drop 

by al:XJut 14 percent. In Nev.r Me.xico, surface drilling has decline:l by 18 

percent since 1976 (Fig.III-3) when exploration and develop-rent drilling of 

nev.rly discovered San ,Juan Basin ore deposits reached maximum intensity. The 

current decline is ~cted to continue over the next few years as exploration 

incentive is further eroded in New Mexico and other uranium-producinq states 

by adverse rTB.rket pricing, regulatory uncertainties, and ultimately, the lack 

of a coherent national energy policy toward nuclear energy. Figure III-4 

shCMs the number of exploration and drill rigs reported in the state sL'1ce 

1976. In addition to the annual seasonal fluctuation, a pronounced decrease 

in rigs can be seen during the four-year period. A 59 percent decline in the 

total number of active rigs can be seen be~n September 1977 and Septeml:Er 

1980. 

Exploration drilling costs include site and road preparation, geological 

and other technical supp::>rt, drilling, sampling, and drill-hole logging an<:'l 

cementing. During 1979, the average cost was $3. 97 per ft of hole drilled, 

which is a 12 percent increase over 1978. In Ne.-T Mexico, with deposits at 

greater depth, surface drilling costs in 1979 averaged $4.02 per ft. Although 

total budqet:ed exploration expenaitures by industry are exr:ected to fall 

through 1981, costs will continue to rise as in the pa.st. 
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Figure tii-3. Cmparison of exploration and develop-rent drill footage 
in New Mexico retween 1975 and 1979 (data fran u.s. Departrrent of Energy I 
lq76, 1977, 1978, 1C}79a and 1980a). 
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Planned eKploration activities in frontier (non-established) areas and in 

non-sandstone de'[X)Sits are eKpecte:l to consu.rre approximately 51 percent of 

industry's eKploration rudget by 1981. In 1979, such expenditures arooux;t.ed to 

48 percent. Although the enphasis in New MeXico is sttll on the San Juan 

Basin, potential resources are estimated to occur in frontier, sandstone, and 

non-sandstone geologic environrrents outside of the San Juan Basin. 

E!Tloynent 

During 1979, approximately 758 exploration personnel were enployed in New 

Mexico canpared to rrore than 1, 000 during the previous year. Exploration em­

ployment statistics for the state by joo category are slnm belCM (W. L. 

OleflO\'o.leth, personal CCl11111l.lnication, August 1980). 

Job cat~.r..y 

Geology and engineering 
Drilling services 
Logging services 
Aerial services 

Nuni::>er of employees 

172 
345 

78 
3 

others (landren, surveyors, drafting personnel) 160 

Total 7S8 

More than 40 energy-resource carpanies "YJere active in New Mexico during 

1979. Most of these canpanies were engaged in one or oore phases of land 

acquisition, exploration, developrrent drilling, mining, and milling. The 

canpanies are listed belCM: 

Anacon<'la (Arco) 
Anschutz 
Rakurn Resources 
Coob Nuclear 
Concx::o 
Enerqy Fuels Nuclear 
Energy Reserves C',roup 
Exxon 
Frontier Minina 
Getty -
Gulf Minerals 
Homestake Mining 
Houston International r1inerals 
Reradarrex 
Kerr-Mce'..ee 
Rappen Mining 
Lone Star Mining & Devel. 
Mining Unlimited 
Mooil 
NeN Cinch 
Noranda Exploration 
Nuclear Assnrance 
CX:cidental 
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Pathfinder 
Phillips Uranium 
Pioneer Nuclear 
Ranchers Exploration & Devel. 
REE-<:n Energy, Inc. 
Reserve Oil and Minerals 
Resource Assoc. of Alaska 
Rocky Mountain Energy 
:Rd:>ert Sayre 
Santa Fe Mining (S.F. Railway) 
Sohio 
St.Joe l1inerals 
Teton Exploration Drilling 
Thermal Energy 
TOdilto Exploration & Devel. 
United Nuclear 
Uniteif Nuclear-HOIT'estake Partners 
Union Carhide 
Urania 
Uranium King 
Wesco 
Western Nuclear ( Phelps-Dcrlge) 
Wyoming Mineral (Westinghouse) 
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Figure III-4. Conparative exploration and developnent drill rio counts in New Mexim as rer:orte:'l by 
industry l::etween September, 1976 and Septenber, 1980 (data fran New Mexico Uranil..I'l Newsletter, Evelyn 
Saucier, editor). 
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~nditures 

New ~Exico expenditures for land acquisition, exploration and developmLnt 

can re calculated using data collected by the C'.JO (Grand ,Junction Office) of 

the u.s. Deparbrent of Energy for the United States as a whole. 

In the data on United States eo.xpenditures rep::>rted by C'.JO, 41.1 million 

ft were reported drilled in the United States in 1979 at a cost of $163.0 

million. Including land aquisition, companies rep::>rted spending S315.9 mil­

lion on total exploration acivities. By using New Mexico's proportion (15.5 

:t:ercent of total United States footage drilled) in canbination with total 

United States surface drilling expenditures ( $163. 0 million), New ~ico 

uranium canpanies therefore put al:::out $25.3 million into exploration in 197q. 

This would make expenditures in New Mexico average $4.02 per drilled foot. A. 

total of $5.97 million was spent on land aquisition in New Mexico durinq 197Q 

which represents l3 percent of total national expenditures. This dollar 

p-arcentage for New Mexico, however, is not representative of the State's true 

land aquisition expenditures tecause of a $10. 3-million lease bid on a 640-

acre tract of state land at Ambrosia Lake by Western Nuclear in late 1979. 

This single land transaction in itself caused the national per-acre land cost 

to soar fran an average of $4. 81 in 1978 to al:::out $10.58 in 1979. F.Xcludinq 

this single land transaction, New MeXico land aquisition costs would average 

approximately $1.06 per acre. Txn1d aguisition costs, however, can be expect­

ed to continue to increase rapidly tecause considerable exploration acreaqc 

has increase] in p:>tential mineral value due to the recent surge in total 

exploration inves'tn'ent, as exanpli.fied by Western Nuclear. 

Resource Requirements for Exploration Activities 

The arrount of fuel necessary to drill holes depends upon the types of 

rock drilled and the depth. Very little data is presently available to the 

state concerning e.nergy use by drill rigs. One cperator who reported drilling 

many feet at various depths (down to below 4,000 ft.) reported averaqe 

diesel fuel consumption of 0. 9 gallons per ft. Using this numter 1 an estimate 

can be made of 9,450,000 gallons of diesel fuel consumed for drilling in New 

Mexico in 1977. 

In addition to fuel used in drilling, fuel use should also include fuel 

used in equipment for pad construction, drilling pad preparation, and trans­

[:x:>rtation of the drilling rig and materials to the drilling location (in­

cluding worker transp:>rt). 

40 

" 

Access ID No. 04133 US-NAUM0054189 

US-NAUM0054133-00057 



• 

Other resource uses include nud and water needed for drilling and for 

"Well plugging. One operator drilling at depths of 3,000 - 4,000 ft rep:>rts 

water needs to oo 8,500 gallons per hole for drilling fluid and 420 gallons 

per hole for cement. 

'I'he typical drill pad occupies an area of awrax:imately one-tenth of an 

acre or al:nut 4,356 square ft. 

Editor's Notes- By act of the Legislature, a new county, Cibolu County, 
was created effective in July 1981. Cibola County comprises what was 
formerly western Valencia County with Grants designated as the county 
seat. As far as can be ascertained, all uranium statistics cited in 
this report for Valencia County will be applicable to the newly creat­
ed Cibola County . 
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CHAPTER IV 

MINIM:; 

Since uranium was first discovered in New Mexico in 1918, mining tech­

nology has l::EcO!l'l::! rrore cOTiplex and efficient in res{X)nse to econanics, types 

of geological occurrences, depths and environmental considerations. 'fuis 

chapter will review current New Mexico uranium mining technology includinq a 

description of tJhe mining districts and mines themselves, the various types of 

extraction techniques including tmderground, open-pit and in-situ rrethods, as 

well as new mine c'leveloprents and a review of mining and proouction costs. 

'l'he importance of ore grade expressed as percentage of U p
9 

per ton of 

ore rock must l:::e fully a::mprehended if one is to appreciate the definition of 

ore and its relationship to production and market economics. Ore is defined 

as mineralized rock at the minimum acceptable grade (% u3o8 ) that may l:::e mined. 

at a profit. Uranium is a totally fungible metal, that is, a pound of u3o8 
concentrate (yellowcake) milled from a ton of ore is the same quality every­

where regardless of where the ore originated. Grade may then 'te expressed as 

the quantity of o3o8 concentrate in pounds contained L"l a ton of ore. Hiqh 

grade ore, therefore, yields JIDre pounds of up8 per ton of ore mined. More 

rock must l:::e mined, transported, milled, and disposed of in order to proouce 

o3o8 fran le»~er grade ores. Where appropriate, ore grades will 'te expresse(1 

in JX)unds of u3o8 per ton as well as percentage of o3o9 per ton. 

The econanic cut-off grade (ax;) is defined as the minable grade lir'lit of 

a uranium deposit that can l:e econanically mined. COG can l:e expressed as <'in 

algebraic formula: 

nirect+Indirect Mining Costs+Haulage+Milling+Royaltf+Severance Tax 
Sale Price _F.er lb. 0 3o8 X Mill Recovery Rate X 20 

The reader will note r.hat certain canp::ment costs within the fonnula, notably 

se~rance tax and royalty costs, rPJnain fixed as others vary with geologic 

conditions, laror costs and market econanics. Average mining costs are sho,.m 

at the end of the chapter. 
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Technipes 

The first areas, in general, to l:e mined for uranium in New Mexi--:o were 

the easily discovered ores near the surface and in outcrops. The bEI.rren 

surface material was rerroved for deposits down to 60 ft. The ore :raroval was 

either carried out in a typical pit-type operation, or, in SOI"'e cases, chan­

nels were excavated which followed the ore J.:xx1y. If the ore J.:xx1y extended 

deeper fran the pit area, adits were constructed in sOI"'e cases to recover the 

ore. Outcrops and fairly shallow ore l:odies too deep for pit mining were 

usually recovered using adits, inclines, or declines. When underground de­

posits were discovered at Ambrosia Lake, vertical shafts were sunk. Sane of 

these old shafts were 'WOOd-lined. In cooparison to today's maximum depths, 

the shafts were fairly shallow. Only small headframes (often constructed of 

wood) were necessary. 

Although sane new mines are l:eing constructed in those areas which were 

productive in earlier years, the trend is for new mines to l:::e at greater 

depths. In general, these mines are l::elow the water table and may require 

dewatering and cooling. 

After developmnt drilling has delineated the ore b:Xly, the sites for the 

production and ventilation shafts are determined. The chief considerations in 

locating a shaft are general topography, distance of underground ore haulaqe, 

and geology of the ore J::x:x:iy. 

To l::egin a shaft, the footings for the concrete collar are poured and the 

collar is constructed. The headfraroo is then installed to allCM for the 

hoisting of material fran the shaft interior. To advance the shaft depth, 

blast holes are generally drilled, the area is blasted, the waste rock or muck 

is hoisted, the forms for the concrete lining are put into position, and the 

lining increm:mt is JX>ured. The process is repeated until the target depth is 

reached. PoWer lines and :p.nnp stations are carried downward as shaft ex:cava­

tion proceeds. In sare cases, it may l::e necessa.:cy to drill dewatering wells 

in order to create a depression cone around the shaft as sinking proceeds. 

Grouting is used to seal off water just before and during penetration of the 

aquifer. sare canpanies have considered freezing the shaft area before sink­

ing the shaft in order to avoid dewatering problems. other ccrnpanies have 

first drilled the shaft and then enlarged it. Conoco is using a rrodified 

shaft drilling rmthod to sink their shafts at Crownpoint. 
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In wet mines, the shaft is usually sunk to SCITle depth belCM the ore J:xJdy 

in order to alla.v for pumping stations and haulage levels to be constLucteil 

oolo.v the mining area. Long-hole drilling at J?:)ints along the haulage ways is 

used to facilitate the dewatering of the ore 1:xJdy. In mines \\hich are dry, 

the haulage ways are usually on the ore level itself. Figure IV-1 shows a 

cross section of a generalized underground mine. A qlossary of mininq and 

other terms is included as Appendix B. 

The Kerr-McGee Rio Puerco mine was brought into production in 1979, al­

though it is currently inactive. The description of this mine's developrent, 

taken fran the canpany's mining plan, is included to indicate the general 

develo~nt techniques used in opening up a wet mine. 

"The mine-developoont phase consists of establishing sufficient access to 

the ore b:xlies to p:!rmit the production tonnage rate desired to be sustained. 

In the case of underground mining, this involves sinking a shaft which has 

been located to optimize the haulaqe distances from the various ore-producinq 

areas. Once the shaft is sunk to the ore depth, a station with ancillary 

drifts, pockets, trenches, and sumps is developed. 
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Figure IV-1. Generalized underground uranium Mine, !'I'Ddified roan and pillar method (rrodified fran 
UNC/TVA Draft Environrrental Staterrent, Septernb:=r 1977). 
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The shaft at Rio Puerco will be 14 ft ID (inside diameter), circular, 

concrete-line:l, with two hoisting corrpartnents. In each hoisting coopa..ri::.Joc'nt, 

there will be a rran cage with a 3-ton-capacity sk.ip suspende:l below the cage. 

The time required to corrplete this size shaft to a depth of 850 ft will 

be 550 to fiSO days. This perioo includes carpletion of a punp station at 700 

ft and the p::>cket and slusher trenches. 

Before and during the shaft's construction, surface support facilities 

are also being constructe:l. The main pad area includes a main and auxiliary 

building, a shaft-pad area, a power facilities area, perhaps a concrete hatch 

plant (def.€D.ding on economics of concrete delivery in the area), an ore 

storage pan, and a materials storage yard. The main building, as normally 

planne:l by Kerr-McGee, contains the hoist room, warehouse, reintenance shcps, 

personnel shower and change roans, and sane engineering and administrative 

offices. 

The area is fenced to prevent livestock entry. Inside or adjacent to the 

main yard area will te the tcpsoil stockpile, ore stockpile, wa.ter-treatnEnt 

facilities, and the waste-rock dump. The ma.in area to be fenced at the Rio 

Puerco project encorrpasses 72 acres. 

'ropsoil is renoved and stacked to be usoo for reclamation when operations 

cease. The pile is seeded to prevent its erosion while storen. The ore 

stockpile provides surge so the mine and/or transp:>rtation system can act 

independently of one another. 

The waste-rock pile con:sists of barren rock produced by the shaft sinking 

an:'! develc:prrent headings. Attempts are made to locate this pile in an area to 

minimize its erosion and possilile leaching by rainwater of any p::>tential 

pollutants. 

Total accumulation of waste rock generated by the mine project is esti­

mated to be 370,000 tons. At the cessation of operations, sorre of the re­

served topsoil will he placed over this pile and seeded to minimize erosion 

ann leaching of the waste rock and to aesthetically blend it into the sur­

rounding terrain. 

'T'he water-treatrrent: .facilities are placed in a favorable gravity flow 

{froo shaft) position with discharge access to the local drainage. 

Once the shaft and surface ~rk is carplete:l, mine iievelopment continues 

with the <iriving of horizontal nrifts outward fran the shaft and beneath the 

elevation of the ore zone(s). These drifts are approximately 9 ft-by-9-ft 
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high and supported for safety purposes by rock l::olts, wood sets, and/or steel 

sets. Haulage drifts generally parallel the long axis trend of the ore 

l:x:x'lies. Short drifts, called crosscuts, are driw:n normal to the haulage 

drift as required to ream the extreneties of the ore bJdies. 

These drifts are advanced by the standard drill, blast, ar:rl muck cycle. 

Typical developrrent equiprent includes muckinq machines, jackleg drills, 

diesel locarotives (4-to-8-ton capacity) and 110 cubic ft rail cars which 

travel on 36-inch guage track. Haulage drifts may also be excavated by fl'"eCh­

anical mining machines ffilch as the Alpine Miner. Haulage drifts are driven on 

a positive one-quarter-to-1-percent grade to favor loaded trains and provide 

drainage toward the shaft. 

As the drifts extend farther away fran the shaft, the ventilation system 

is also developed by drilling ventilation holes. Their positions are based on 

the location of the ore l::odies, and, of <..-x>urse, are consistent with the over­

all plan of mining. 

The holes are l::ored by a surface rio. Two nethocis are Employed; one in 

which the rig oores down on a pilot hole, or a second rrethod in which the bit 

is attached at the l::ottan of a pilot hole and the hole is reamed UJ;Mard. This 

work is done by a division of Kerr-McC'-ee Nuclear or a contractor. The holes 

are usually 48 to 60 inches in diameter and cased with a steel liner which is 

ceiTEnt grouted. Larqer holes may be employed for deeper mines. 

These holes are normally used for exhaust with the fresh air intake being 

the production shaft. By strategic placetent of these holes, the ventilat.iDn 

system underground is able to mai.;•1tain air quality (particularly for radiatior. 

standards) as required by federal and state mine safety requlations. 

Surface acreage required for each hole is minimal. Four acres are n~j~1 

as pad area h"hile the hole is being drilled. After canpletion, approximately 

3~ acres are reclaimed leaving a half-acre plot fenced around the vent hole 

and its fan installation. 

Ore bodies are entered through raises driven from the haulage or crosscut 

drifts. Separate raises are qenerally driven for manways, ore passes, and 

service raises either throuqh the conventional drill/blast cycle or with the 

use of raise-roring rra.chines. Fran the haulaqe drifts, rotary long holes are 

drilled up to delineate the ore bodies for purposes of planning the raises. 

Developrrent in the ore horizon is accanplished by driving 5 ft-by-6-ft 

sul:rlrifts within the ore. Initial developnent is followed by extensive long 
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hole drilling laterally and vertically from the subdrift headings. The length 

of these holes normally does not exceed 40 ft. If sufficient ore is loc:ated 

by long hole drilling program.<:~, developoont drifting wil i re~. Advance of 

such headings is throuqh conventional drilling and blasting, and the muck is 

handled fran the face to the rnuck raise by the use of 25 or 30 hp (horse:r;nver) 

3-drum electric slushers. At this point, an ore body's development phase is 

essentially complete. 

As developrent of ore bodies nearest the shaft are carpleted and the ore 

l:xJdies go into production, the developrrent of rrore distant ore bodies con­

tinues. The transition from development to a production status is therefore 

gradual with S<:JTB developnEnt continuing alrrost the entire span of the pro­

ject. The development drifting in the ore bodies produces same ore and that 

activity also can be said to be the initial production. r<err-McGee's current 

intention is to produce a !MXimum of 510 tons per day. Beqinning with shaft 

collar construction, it will take approximately four years for the mine to 

reach full production. 

Extraction (called "stcping") of an ore body begins once developrlE!nt is 

complete. There are generally three stoping methods employed by Kerr-McCee: 

( 1) open stopes; ( 2 ) roan and pillar stapes; and ( 3 ) square-set stoping. The 

object of each methocl is to extract as much of the ore (material defined as 

reinq ab:Jve a certain min.imum assay) as possible. "'?hese rrethods normally 

allo;..r recovery in escess of 90 percent of the ore available. Maximization of 

a natural resource is thus accomplished, 'While simultaneously !MXimizing t..he 

project's profitability. 

The final configurations of the stapes are based on several factors such 

as the ore body's shape, ground 

and roof control in the stope. 

sandfill are variously applied 

control in the stope, ventilation limitations, 

Roof l:olts, stulls, cribbing, timbering, and 

as required. Sub-ore grade mineralized areas 

may l:e utilized as pillars for support Where they occur. 

Oy::::en stoping is errployed in smaller ore bodies with roof bolts, and 

cribbing m ing mainly employed for roof control. Larger ore b:xiies of a nore 

continuou..s nature will l:e extracterl using the roan and pillar Jrethod. After 

the developrent drifts (roans) are driven, pillar begins at the furthest U.rr1it 

and the rohbinq activity retreats back to the raise. Sl ushers used in this 

phase arc 30-to-75 hp, 3-drum type. 
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Square-set stopinq is anployed where the ore is continuous and of greater 

thickness. This is done to assure roth adequate roof support and hiqh Pxtrac­

tion rates. The sill sets are minimally 8 ft in height with the "mining 

floors" (upper tiers) naninally constructed 6 ft in height. Final stabiliza­

tion of a square-set stope may be accamplished by sandfilling once ore removal 

is canplete. 

The na:ximum tonnage rate will tail off as stoping is carpleted. At sane 

point, ore depletion causes the project to hecore unprofitable at which time 

the decision is made to cease operations. This decision results in closure 

procedures J::eing put into effect. Valuable equiptent and other salvagable 

materials are stripped fran the mine; then, a concrete plus will be poured at 

the collar of the shaft to seal the mine from unauthorized or accidental entry 

by man or animals. 

~he area of the ore stockpile will be thoroughly cleaned and the material 

sent to the mill. Trash and nonsalvagable material will be buried. The hoist 

heaO.frame, buildings, and other structures will be reroc>ved. At the request of 

the surface a-mer(s), sare ruildings may l::e left intact for the owner to put 

to some other beneficial use. 

Any foundations left fran the structures removed will be destroyed. The 

areas disturbed will be graded and the topsoil will l::e redistributed. Seeding 

of the relaid topsoil will be done on the same basis with the same seed types 

as described in the section on exploration reclamation. Roads will be scari­

fie<l. and reclaimed if the cwner does not want them for his o.vn use." 

Very few New Mexico mines use mechanical miners such as Alpines or 

Doscos. rbst mines to date have been too small to justify the expense, and 

the ore l:odies are so irregular that the rna.chines can only be used for driving 

haulageways. Abrasion by the sandstone ores also causes high maintenance 

costs. United Nuclear's Church Rock mine, however, uses Doscos. A Dosco is 

in use at the United Nuclear-Hanestake Partner's Section 13 mine and rnay be 

used at Gulf's Mount Taylor mine for devele>pll'"ent \\UrK there. An Alpine F6A 

has been used by Kerr-Ma'..ee at their Ambrosia Lake mines and an Alpine has 

been used by Anaconda • 

The new, deeper mines are using shafts for ventilation rather than venti­

lating via ooreholes recause of the reduced enerqy requirerrents with the 

larger shaft areas. The deep mines will also use air-cooling equiprent in 

order to keep the temperatures and humidity down to tolerable \\Urk levels (the 

tanperature of the rock face at Gulf's rvhunt Taylor mine is arout 130°F). 
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Sane operators at deep mines which are ~ing sunk have indicated that 

they feel that shaft dewatering wells have aided nore than grouting rn co::l­

trolling infiltration. Selection of the proper grout is, of course, very 

critical. Depending on the success of the shaft freezing rethod, future deep 

mines may incorporate dewatering wells as a routine operation of shaft sink-

ing. 

Several mines in New Mexico have received or are receiving sand backfill. 

The status of sand reckfill in New Mexico is given in Table IV-1. 'As was 

~rentioned in the Rio Puerco mine plan discussion, sand backfill is normally 

used for structural SupJX>rt. The sand may ~ blow-sand or sand recovered from 

mill tailings. United Nuclear ~gan backfilling operations using mill tail­

ings at its Church Rock :(f 4 mine in February, 1980. Backfill using a gravity­

fed wet-sand slun:y is utilized in wet mines, whereas dry backfill injected 

pneumatically is a process ooing used in relatively dry mines. In the case of 

pneumatic backfill, a dry, sand-limestone agg~egate mixture is used. Gulf 

Hinerals is presently using the pnel.lJTlatic rethoo at their Mariano Lake mine. 

The backfill ITEthod begins with the construction of a rulkhead at the 

entrance to the mined-out area. In the case of wet-sand slurrying, the dry 

sand is mixed with water. Water volure to sand volume t"atio at the Johnny M 

is approximately 50:50, whereas the ratio is 70:30 at the Kerr-McC'-ee mines. 

The mixture is slurried fran the surface to the top of the rulkhead where it 

is sUbsequently deposited l:ehind ·the bulkhead itself. Water drains fran the 

sand ·into sumps where it is pumped. reck to the surface. Once the sand is 

drained, further stoping in front of the tulkhead can proceed without the 

danger of caving. over 100 tons of sand per hour can ~ emplaced using this 

~rethod. Sand reckfill, when used successfully, allows for canplete ore re­

covery in thick beds or zones .where mine collapse and interaquifer connections 

would otherwise present an ever present problem. 

Sand backfilling, however, is not always successful. In December 1977, 

backfilling was not successful at Kerr-McGee's Section 35 mine where a con­

nection was made beteen the ore-~arinq westwater and overlying nakota Sand­

stone through the intervening Brushy Basin Shale. The mine-dewaterina rate 

almost doubled until the collapsed area was sealed off. 

Another mining technique in use is called mine-water recirculation. 

Mine-water recirculation allows for the recovery of uranium in solution with 

recirculatoo mine-water through extreiTely low-qrade areas that would othel"'vise 
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Table IV-1. Sand l:ackfilling in New Mexico uranium JTiines (da+-a fran New 
Mexico Enerqy and Minerals Departnent). 

Canpa.ny 
UN-HP 
Ray Williams 
Bdcum 
Kerr-McCee 
Kerr-McC..ee 
Kerr-McGee 
Kerr-Md:£e 
Kerr-McC:ee 
Kerr-Md:£e 
Kerr-McC-ee 
Kerr-Md:£e 
Kerr-Mc\::ee 
Kerr-McGee 
Kerr-McGee 
Kerr-McGee 
Kerr-McC'ee 
Ranchers 
Gulf 
Gulf 
Cobb 
Conoco 
Co naco 
Co naco 
UNC/TIJA 

uoc 
Phillips 
UI'C 
uoc 
Sohio 

Mine or Proposed Mine 
Ambrosia Lake Mines 
Enos Johnson 
Mal:\iuez 
Lee ** 
Sec.17 
Sec.19 
Sec.12** 
Sec.24 
Sec.30 
Sec.30 w. 

·sec.33 
Sec.35 
Sec.36 
Church Ro~*No.l 
Rio Puerco 
Church Rock No.2 
Johnny M 
Mariano I.ake 
Mount Taylor 
Sec.12 * 
Bernabe 

* Borrego Pass 
crcMilpoint * 
Dalton Pass 

Old Church Rock * 
Nose Rock No**&2 
st. Anthony 
N. E. Churchrock 
J.J. No.1 

* . d Under oonstruct~on or planne 

** . . . Temporar1ly moperat1ve 
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Has had 
Backfill 
Yes 
Yes 

No 
No 
Yes 
No 
Yes 
No 
No 
Yes 
Yes 
No 
No 

Yes 
Yes 

Yes 

Will have 
Backfill 

No 
If necessary 
If necessary 
If necessary 
If necessary 
Yes 
If necessary 
Yes 
If necessary 
If necessary 
Yes 
Yes 
If necessary 
If necessary 
If necessary 
Yes 
Yes, dry 
Yes 
Yes 
If necessary 
If necessary 
If necessary 
Waste rock if 
necessary 
Yes 
Yes 
If necessary 
Yes 
Yes 
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be non-econanic to rechnically mine, areas that are usually too dangerous for 

miners to enter, and/or collapsed areas of uranim mining • As retrer:t 

mining developes within the mines, the backs (roofs) art! allcwed to collapse 

leaving significant tonnages of unmined mineralized material (not necessarily 

ore by econanic definition). Such material is usually relaw the ore grade 

cutoff. 

If collapse occurs, further ore recovery using traditional technique was 

difficult and dangerous. To further increase the recovery of law-qrade ore, 

the mine-water recirculation technique is anployed. As it has developed, the 

technique begins when holes are drilled fran al:ove the tq:> of the collapsed 

zone and water is injected into the law-grade, shattered, and mineralized 

rock. Mine water is slightly alkaline so that a small amount of leaching will 

occur as it percolates dONnward through the shattered zone into collection 

sumps. The uranium-enriched water is then pumped to central IY (ion-exchange) 

facilities where the uranium is removed; then, allowing for discharge of any 

excess water, the stripped effluent water is returned to the mine for further 

leaching. Water recirculation is periodically stopped to allow for further 

oxidation within the collapse zone, thus increasinq the leachate once water 

recirculation is resumed. 

The first reported application of mine-water recirculation in New Mexico 

mines was that of United Nuclear-Hanestake Partners in early 1964 ('Wyrich, 

1977). Mines undergoing mine-water recirculation are shONn in Table IV-2 in 

the active mines section of this chapter. 

Water from mine dewatering is also run through the ion exc~ange plant is 

nany cases in order to recover the uranium. While the arrount of uranium 

produced fran mine waters is rather small (less than 1 percent of total pro­

duction), t.his extraction process is econanic and hence represents a small 

profitable operation for the mine ONners. Such auxiliary recovery techniques 

have h::.>cooe rrore important as increased costs of minin9 and severance taxation 

further recluce profitability. 

Another type of uranium-recovery technique is the in-situ leaching 

method. In a project currently reing tested by Mobil near Crownpoint, injec­

tion -wells are drilled approximately 100 ft apart. Weak alkaline solutions 

containi~1 an oxidant are injected into the nine outer wells and the leached 

solution is recovered through four center production wells. The pregnant 

leachate is then passed through an ion-exchange coluiT111 containing resin. The 
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uranium will be rE!Il'k)ve<l fran the resin in another oolumn, precipitated, and 

concentrated. In order to contain the leachate and to have a successful 

operation: ( 1) the ore zone must be saturated, ( 2 ) there must be a net pro­

duction of water, (3 ) t.he ore lxrly must l:E unifonnl y ]Jemeable, and ( 4 ) it is 

helpful to have impermeable material overlyinq and underlying the ore-bearing 

unit. Figure IV-2 illustrates the JTlajor aspects of this type of extraction 

technique. 'rhe present New Mexico project is designed to recover uraniUJ11 frm 

depths of around 2,000 ft and, if successful, will ro a first for in-situ 

recovery from this depth. A list of on-going or planned in situ recovery pro­

jects in New Mexico may re found in Chapter V. (Milling) as well as a rrore 

detailed discussion of in-situ recovery methods. 

Open-pit mining is the most practical and economical methoo of ore ex­

traction in relatively shallow; low-grade deposits where depths to ore range 

fran gro1.1Il<'l level to less than 500 ft. Open-pit uranium mining nethods have 

been employed in New Mexico at a number of localities in the past, primarily 

at the Jackpile-Paquate complex in the Laguna district and peripheral, asso­

ciated occurrences in the ,Jackpile Sandstone, and on the Todilto Bench arotmd 

Haystack Butte in the Ambrosia Lake district. Geologic factors that determine 

whether a deposit may l:e mined using open-pit rrethods include shallow depth of 

ore, low-qrade irregularly shaped or distributed ore bodies and law stripping 

ratio, that is the thickness of spoil or waste as overburden that must re 
rerroved to gain access to a similar thickness of ore at depth. Open-p~ t 

methods also allow for a high degree of selectivity of roth low-grade ar' ~ 

relatively high-grade material. 

At the Jackpile-Paguate, the stripping depths range fran SO to 250 ft, 

and stripping l::enches are established at 35-ft intervals at a slope of 3/4 t,) 

1, excluding roads. The horizontal and vertical dimension of each stripping 

operation is known as a pushback, and mine economics are calculated on the lbs 

of U 3o8 that may l:e expected to be recovered fran the val tlll'e of ore stripped 

in each pushback operation. The sale value of the up8 is canpared to the 

total production costs of the material in each pushback operation. 

The open-pit technique at the Jackpile-Paquate mine has been described in 

detail by ,J.T. Wood, 1977, as follows: 

"Drilling and blasting are two of the rost critical operations at the 

mine. Drillinq is accanplished with Chicaqo Pneunatic and Inqersol Rand 

truck-mOlmted rotary blast hole drills. Bit sizes are 63/4 and 73/8 inches in 
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Figure IV-2. Fla.v diagram shewing a 
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uranium in situ leaching process (Mooifie:-J after Conine 1980). 
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dia~reter. The hole patterns range fran 12 x 16 ft to 20 x 22 ft, with 10 to 5 

ft of sub-level drilling. The Tres Henn.:mos Fomation is CCJT!.POSed of layers 

of shale, muddy sandstone, and hard mudstone. 'M':e layers of hard mudstone 

cause the most difficulty in the drilling and blasting operations. When the 

hard mudstone is located at the botton of the banch, the softer shales blo.v 

off the top, leaving a hard toe. When the mudstone is near the top of the 

banGh, the shales blo.v out, leaving large boulders of munstone on top of the 

muck pile. Blasting is done with ANFO and cast boosters using 50-grain prima­

cord dcwn the hole and 30-grain primacord for trunk lines. All blasts are 

ignited with cap and safety fuse. Millisecond delays seperate sets of holes, 

whichever bast suits the biasing pattern. :Rlasting to a free face produces 

unifonn muck and keeps the muck pile betwen a height of 15 to 20 ft for 

better loader perfonnance. 

Stripping e:JUipnent consists of four Dart D600 loaders with 15 cu. yd. 

rockets, two Cate:rpillar 992 loaders with 10 cu. yd. rockets, and one P & 

H-1600 electric shovel with a 6 cu. yd. rocket. Stripping material is trans­

ported by seventeen Euclid R50 trucks. The extended length of the Jackpile­

Paguate ore deposits dictates the use of mobile loaders over the less mobile 

shovel. Caterpillar 09 1 s push to the loaders when free blasting is not 

possible. 

Waste material is dumped into mined-out areas of the pit to minimize haul 

distance and to aid in reclamation. Dumps established outside the pit area 

are restricted to 50-ft lifts with a 25 to 50-ft terrace between lifts LA, 

duplicate the JTEsa topography of the surrounding country. Vegetation is 

established after stockpilerl topsoil is distribu ted over durrp slopes a.n,'l 

surfaces. 

After the overrorden is reroved, the area to be mined is drilled on a 

25-ft square pattern with small diarreter bits. The holes are probed with a 

scintillator to more accurately determine the exact outline of the ore areas. 

The results are plotted on maps witn 10-ft elevation differentials to be used 

by an ore grade controller to control the actual mining operation. The area 

to be minen is divided into working panels that are ripped to a depth of 24 

inches by a D9 Caterpillar. To maintain minimum dilution, 24 inches is the 

maximum depth ripped. Each panel is probed, and areas of high-grade ore, 

low-grade ore, and waste are outlined with 24-inch lathes and colored ribbon. 

A sketch of each panel is given to the mining loader operator. 
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Mining equip:rent consists of five 09 cate:rpillar tractors, five 988 

Cate:rpillar loaders, and twenty Euclid R20 trucks. The 988 loader wid1 a 6~ 

cu. yd. blcket is the largest rmchine capable of \<.Or::..1ng the smaller ore 

areas. Dilution is kept to a minimum 1::¥ rennving waste first, lav-grade 

second, and high-grade last. loader trucks pass under a truck scanner, which 

is a steel fraroo with one to four scintillation detectors. Four of these are 

new in operation at the Jackpile-Paguate mines. One of the first truck scan­

ners used by the industry wa.'-3 installed at the Jackpile mine. It has six 

scintillation detectors positioned in such a manner as to completely scan the 

load. Thousands of scanned truck loads of ore have shown that two detectors 

are suffucient, and any nure are superficial. Each truck is scanned for 30 

seconds and sent to the appropriate stockpile. The accuracy of the installa­

tion is 0.01 percent n3o8• Due to the complexities of the ore lxxUes, a 

predetermined grade of ore cannot l:e minerl each and every day. Throuqh the 

use of a stockpile reclaim systan, one to twelve weeks capacity of mill grade 

rraterial is maintained. 

Ore is shipped fran the mine 1::¥ rail fifty miles to the Anaconda mill at 

Bluewater, New Mexico, six days a week. Ore is loaded by cate:rpillar 988 

loaders into R20 trucks fran designated stockpiles, and hauled to the crusher. 

The ore is crushe::i by a 42 x 48-inch ja~r~ crusher and rroved by a 48-inch con­

veyor tel t to the railroad car l:eing loaded. As the ore rroves over the 

conveyor belt, it is scanned again to insure control of the grade of ore 

loaded into each railroad car. The loading systan is autanatically controlled 

by a weightareter to avoid overloading of railroad cars. This systern will 

permit tonnages shipped within 1 percent and grades within 0.0005 percent." 

Open-pit rethods are expected to te anployed less frequently in New 

Mexico in the future than in the past as newer deposits are developed at ever 

increasing depths either through underground rrethods or in situ leach rrethod.s. 

Mines and Mining Districts 

Several established mining districts comprise the uranium-producing 

regions within the state. Because of recent discoveries in areas that have 

not teen traditionally included within the older established dis·tricts, it 

will tecorre necessary to tetter define the new as well as the old districts 

(Figure IV-3). 
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Fiqure IV-3. Map showing established mining districts, the Grants Min­
eral Belt and recently discovered uranium areas in nortnwestern New 
Mexico (New Mexico Bureau of Geology) • 
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The Shiprock district, vmich begins at the northwestern corner of the 

sti'lte near the Four Corners, is the oldest uranium-producing area in the 

state. There are currently no active uranium mines in tne Shiprock district. 

To the south, in the Sanostee area, is the Chuska mining district, which 

boasts the only currently active uranium mine in New Mexico outside of the 

Grants Mineral Belt. 

South of the Chuska district is the westernrrost nistrict of the Grants 

Mineral Belt, the Gallup or Church Rock district. 'rhe Church Rock mines of 

United Nuclear Corporation and Kerr-Mcr':ee are located in this area. Further 

to the east, the Smith Lake or Blackjack district is located north of Thoreau. 

The Poison Canyon mines of Mariano Lake, the Ruby mines, and the Westranch 

mine are in this district. 

One of the newer areas, the Crcwnpoint area, is locateCl north fran Smith 

Lake. 'rhe Cro.vnpoint projects of Conoco and Mobil, the Nose Rock project of 

Phillips, the United Nuclear Corporation-Tennessee Valley Authority project at 

Dalton Pass and Canyon, and the Borrego Pass project of Conoco are all located 

within this large and, as yet, poorly definoo region. 

The Hospah-West Lar<p area, another relatively neYt area of interest, is 

located east of the Crcwnpoint area. 

The farrous Ambrosia Lake district lies south of the Hospah-west Largo 

area and southeast of Smith Lake. This district actually emhraces several 

distinctly different deposits, including those in the Westwater, Brushy Basin, 

Poison Canyon, and Todilto L:i.rrestone. The Ambrosia JJake area contains two of 

the oldest continually active mines, the Haystack and the Poison Canyon mines. 

The extinct volcano, known as Mount Taylor, is located east of .Arrbrosia Lake. 

Because of the large canplex of deposits such as Gulf's Mount Taylor project, 

the area may becare knCMn as a ilistrict in itself, once into full proouction. 

The Laguna district, where the farrous "Jackpile" deposits are locate:'! 

such as Jackpile-Paguate, Saint Anthony and L-Bar (,JJ No. 1) is to the south­

east of Mount Taylor. Recently discovered westwater deposits to the northeast 

of Laguna near Marquez, at Rio Puerco, and at Bernabe deserve to he distin­

guished fran the Laguna deposits, and sane 'WOrkers are calling this area 

Marquez. To date, however, there are no prooucina westwater mines in the 

Marquez area. 

Several active mines that were in production during 1978 and 1979 have 

ht:en closed or are temporarily inactive. 
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Active Mines 

Non-confidential data on active mines have 'OOen assembled and are pre­

sented in Table IV-2. These are discussed for the appropriate mines in the 

following section. 

Anaconda • s Jackpile-Paguate mine at Laguna consist of t:\o.'Q seperate ore 

J::x:xlies in the upperm::>St M:>rrison or Jackpile Sandstone of econanic usage. The 

Jackpile canplex is approximately 1~ miles long and over 5 miles wide while 

the Paguate is 2 miles long and several hundred feet wide. The two canbined 

deposits are mined from four contiguous pits that when combined constitute the 

world's largest open-pit uranium operation. Since the open-pit operation was 

:tequn in 1<)52, the pit area has expanded to rrore than 660 acres with over­

l::urden and low-qrade stockpiles covering ab::>ut 1,000 acres. In July 1980, 

Anaconda announced a plan to phase out the open-pit operation beginning in the 

summer of 1980. Reclamation plans are presently being formulated for the pit 

areas. Tonnages presently reing shipped fran the mine and stockpiles are 

averaging 0.08 to 0.09 percent u3o8 (1.6 to l.B lbs per ton) (n.s. C",eological 

Survey, June 1<)80). 

In 1976, the ore was blended to 0.23 percent n3o8 (4.6 lbs per ton) for 

shipnEnt by unit trains to the Bluewater mill. In 1977, it was projected that 

499,000 tons of ore averaging 0.19 percent u3o8 would be mined from the pits. 

Exact prcrluction is proprietary info:rmation and cannot be published. For 

1978, projections were for 768,000 tons of ore averaging 0.14 percent u3o8• 

Between 1965 and 1975, the ratio of ore to low-arade and waste averaged 1:6. 

The P10 decline prcrluces a.OOut 1,000 tons of ore per day. The ore 

crushed and then carried to the surface on a conveyor belt. Average grade 

varies and is expected to decrease from o. 34 percent up8 ( 6. 8 lbs per ton) in. 

1977 to ab::>ut 0.15 percent (3 lbs per ton) in 1980. The PW2/3 underground 

mine produced arout 50 tons per day when it was in operation, rut the mine is 

presently closed. The Jackpile-Paguate deposits are reviewed by Beck anr1 

others (1980). 

Cobb Nuclear operates three mines in the Grants Mineral Belt. Two of 

these mines are located at Ambrosia Lake, the Section 14 mine and the Section 

12 mines, l:x>th in T. 14N., R. lOW. The third mine is the Westranch mine in 

Section 32, T. 15N., R. llW. near Casa:roora Lake in the western part of the 

Ambrosia Lake district. The Section 12 mine is connected to the Dysart No.2, 

fo!:'l'l'erly operated by Kennac, and the Westranch is the old r1oe mine (Hilpert, 
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Table IV-2. 1\ctive uranium mines in New Mexico as of December 1, 1980, Abbreviations used include ID (inside diareter), MR & P (rro:lified roan 
an1 pillar), MWR (mine water recirculation), and VS (vertical shaft) (New Mexico Mining and Minerals Division). 

NO. AIR MINE i'ii\.TER 
MINIM:; MAXlJoD1 EXHA!'ST DISCRAR(E PTMPID our 

NAME CXMPANY r.a:::A TIOO T'YPE Em'Ri' TEO!NIOUE DEPl'H(ft) VEN'l'S (ACFM) (GPM) 

Jadq;lile- Anaconda T.11N.,R.5W. Open-pit Pushback/ 100 - 350 
Paguate Sec.33,34,35 & strip & 

10N.,R.5W, urderground MR&P 

P-10 1\naconda T,10N.,R.5W. 9' X 16' MR & p 450 7 335,000 95 
Sec.4 decline @ 

13% grade 

Sec.12 Cd:b T.14N. ,R.10W. Vert.shaft MR & p 694 100,000 Dly 
Sec.12 14' dia. 

Sec.14 Cobb T.14N.,R.10W. Vert. shaft MR. & p 360 68,000 
Sec.14 

il!!st:randl Cab T.15N. ,R.llW. Decline @ MR & p 200 1 8,000 Dly 
<l' sec.J2 20° grade 
0 

Mar:l.aoo GJ.lf T.15N.,R.14W Vert. shaft Pillar 519 85,000 20G-230 
Lake Sec.12 5 1 X 16 1 retreat 

Mt. Taylor Gulf T,13N.,R.BW. v.s. {2) MR. & p 3,300 250,000 4,000 
Sec.24 14'& 24' trackless 

dilm!l:er & track 

Sec.19 Karr-McGee T,'14N. ,R.9W. MR. & p 779 205,000 * 
Sec.22 Kerr-Mc:O!e T.14N. ,R.10W. Vert. shaft 827 

Sec.22 

sec.Jo r..err-McGee T,14N.,R.9W. Vert.shaft MR. & p 750 13 413,000 
Sec.30 

w r..err-McGee T,14N.,R.9W. Vert.shaft MR. & p 810 364,000 
Sec.30 12' 6• ID 

Sec.JJ r..err-McGee T,14N. ,R.9W Vert.shaft 848 * 
Sec.33 

sec.3s rerr=MClteJiii! '1'.14N.,R.!M. vert. Shiift MR & P 1,394 6 414,000 1,4so-1,60o 
Sec.35 14' dia. 

* The total vol\'l'le pmped fran the$e mines, plus two other Kerr-McGee mines, is 2,500 gpn. 
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Table IV-2, (continued) 
ro. AIR MINE WATER 

Ml:NDC M.l\.XIMI.M EXHATJST OIS~ PnMPID our CURRml' STATUS OR 
miME <n!PANY IOCATICN 'IYPE Em'RY Tln!NI~ DEPI'H(ft) VENTS (ACFM) (GPM) <mmR INFORMI\.TICN 

Sec.36 Kerr~ T.14N. ,R.9W. Vert.shaft MR & P 1,473 228,000 1,45Q-1,600 Old Phillips Cliffside Mine 
Sec.36 14' dia. 

Churdl.rock Kerr--McCee T,l7N. ,RlQ-1. Vert,shaft R & p 1,851 406,000 Connects to IE rd.ne 
tl Sec.35 14' dia. 

3,800 Total 
C'hu:cc.hrock ~ T,l7N, ,R.16W. Vert,shaft R & P 1,529 
t1 East Sec,35 12' dia. 

Hcpe Randlers T,13N.,R.9W, Vert.shaft 400 50 Mininu'n of 6 ITOnths production life. 
Ex.& Dev. sec.19 9 1 dia. 

Jolmny M Ranchers T.13N. ,R.SW Vert.shaft 1,380 2 140,000 900-1,100 IJtiliz:ing sam sluny backfill. 
Ex.& Dev. Sec.7 &18 

EnJs R. Willian& 9 mi.W of 2 adits - MR & P 1 60,000 Dry Only producin:t mine outside <M3, 
Jdmson Mining co. sanostee Dbl/entry 

JJ Schio-:Reserve T.llN. ,R.~. Vert.shaft 672 1 270,000 100 Track: and trackless sublevel stcpi.nq. 

Jl 
sec.13 14' dia. 

1-' 
Haystadt 'l'odilto T.l3N,,R.1<M. Adit & Pits MR & P 157 41,000 Dry 9 I X 9 I drifts underground 

Ex.& Dev. sec.19 & strip 

Sec.13 UN-HP T.l4N. ,R.1<M. Vert.shaft MR & P 618 232,000 Dry 
sec.n u• a• dia. 

Sec.15 llN-HP T.13N. ,R,1<M. Vert. shaft MR & p 623 251,000 nry 
Sec.15 & decline 

Sec.23 llN-flp T .14N. ,R.l<M. Vert. shaft MR & p 850 12 500,000 
sec.23 14' dia. 

40Q-600* 
Sec.25 t!N-HP T.14N. ,R.1<M. Vert. shaft MR & p 811 7 445,000 

Sec.25 11' X 14' 

R.B.Cb.trcb- Onited T.17N, ,R.1Qol, v.s. (2) 1,700 667 ,ooo 1,200 sam: backfill usincf mill t.a .. ~linqs. 
rock lb::lear Sec.35 12' - 14' dia. 

Old Onited T.l7N. ,R,lEilf. 813 225- Mine re-entry, different headfrane with 
Ch.trau:oc:tc lb::lear Sec.17 new mist. 
Ruby1&2 Ml!istem T,15R.,R.1:fi Decline 360 Dry 

Nuclear &14W. Sec,21, 27 

* In::ludea Section 32. 
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1969). Cobb's Spencer shaft was reing operated 1::¥ Koppen r1ining and Cnnstruc­

tion until April 1980, at which tinE the property was returned to Cobb. 

With the canpletion of the production and ventilation shafts at r1ount 

Taylor, Gulf Mineral Resources has t\1.0 active mininq projects includinq the 

Mount Taylor mine and the ~1ariano I1ak:e mine. 

Gulf Mineral Resources heqan proouction at their Mariano T1ake mine near 

Smith Lake in October 1977. The mine is located on Indian-allotted land. 

Mininq is expected to continue until 1992 when reser\i'eS are depleted. In­

place pre-mining reserves are estimated to be 3. 94 million lbs. Of these 

reserves, approximately 3. 0 million lbs will probably l:::e recovered. In ,Jtme 

1980, production was averaging alx>ut 500 tons per day, an increase fran the 

NovembP-r 1979 rate of 300-500 tons per day. 

The ore is located in the basal Brushy Basin Member of the Morrison 

Formation in a mineralized trend that Llli1S along a synclinal axis. The de­

J:X>Sit is a roll-type and occurs along an iron-sulfur redox interface (Place 

and others, 1980). Several other neart¥ min~s are located in this trend. The 

mined ore averages 0.2 percent u3o8 (4 lb per ton) with a cutoff of 0.07 

perc'ent. SaTe material averaging as lcw as 0.05 percent F3o8, hcwever, is 

also shipped. Material running fran 0.02 to 0.05 percent u3o8 is stockpiled, 

and material less than 0.02 percent up8 is place on the waste l:ench. Ore 

fran the mine is shipped 1::¥ truck (part of the way using a private haul road) 

to Kerr-McGee's Ambrosia Lake mill. All production frCl"l this I'1ine has already 

been sold by contract to Florida Power. 

Tn June 1980, the dewatering rate was app:.roxi!l'lately 157 qpm (gallons per 

minute), or a slight decrease fran the Noveml:er 1979 rate of 190 qpm. In one 

small area of the mine, it is possible that collapse occurred through the 

Brushy Basin into the overlying Dakota when the pillars were pulled. A very 

small arrount of water fran the Dakota, therefore, may re included in the dis­

charge. 

The discharge water is sent to a series of lined settling }X>nds. An IX 

(ion exchange) facility removes uranium (56 mq/1) fran the clarifiec:l liquid. 

'.rhe uranium is stripped fran the IX beads and ~e uranium concentrate solution 

is shipped hy tanker truck to Kerr-McC',ee 's mill. The discharge fran the IX 

has BaC12 (barium chloride) added ann goes through further settling p::mds for 

Ra-226 removal before discharge. The precipitated radium-bearing sludge will 

be sent to a tailings pile when the mine ceases operation. 
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A. srrall p;trt of the Mariano Lake mine is undergoing dry or pneunatic sand 

backfilling. Haula<_::Je <levelopiTent waste and linestor.;:; chips are reing mixed 

together and pneumatically injected 1:::¥ a Radmark system into the desired area 

of the mine. While bulkheads do not have to re as sturdy as with hydraulic 

oockfill, costs are greater because of the I"e:IUirements of the necessar:' 

rliesel-:r;oweroo canpressor equipn:mt. The Radmarlc systE!Tl !:egan operation in 

January 1980, and about 200-300 tons per day are presently injected into the 

rnine. other mining techniques such as haulage h:!la.~ the ore l:ody and u..c;e of 

slushers and loaders are similar to that presently in use in the Ambrosia Lake 

anrl are are discussed elsewhere in this report. 

In June 1980, there W\S!re 93 hourly and 22 salaried anployees. Apprrnd­

rnately 70 rercent of the employees in the Mariano Lake mine are Navajos. t-11"\en 

Mariano Lake closes, all employees will be given the opportunity to work at 

fvbunt Taylor. 

Beginning in 1971, Gulf began a uranium exploration program on the west­

em slope of Mount Taylor. This program, which included drilling and corinq 

in sane 600 holes fran oore than 3,500 ft rel<M the surface, helped to define 

a complex of ore l:x::ldies located in the upper and lOf.'er Westwater along a 

6-mile trend containing a minimurn . .of 124 million lbs of u3o8• Gulf has nON 

obtained control of oost of the mineral rights in this 6-mile area. 

In 197 4, shaft sinking 1:::¥ Harrison~estern Corporation began on two 

shafts 600 ft afert in Section 24, T. 13N., R. aw. One shaft, the production 

shaft, is 24 ft in diameter and concrete lined with a 220-ft hiqh headframe, 

while the service shaft (for employees) is 14 ft in diameter and concrete 

lined. Each shaft is served by two hoists. The production shaft has a 

double-drum 2,500 hp Nord.l:En1 unit. These shafts were canpleted to the final 

depth of 3,300 ft in 1979. Total cost of shaft construction was apprOKirnately 

$200 million. In addition to the traditional drilling, blasting, mucking, 

hoisting, and grouting, dewatering wells were constructed around the shafts 

anrl completed into each of the several aquifers in order to depressurize zones 

prior to shaft sinking. 

By July 1980, oost stations were cauplete and work on haulageways and 

developrrent stoping areas was underway. One of the major tasks is to flrain 

the working areas as rapidly as }X)Ssible, since the incaning water temperature 

is 128°F. Once the areas are dewatered, temperature control l:ecorres much 

easier. Ice vests, water shields for the long-hole drillers, refriqeration 
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units, large air flows, and air conditioning traincabs are all used co allow 

safe mining to proceed. 

Three main levels are teing developed in the M::>unt Taylor mine. 'l:'he 

upper level, 3,100 ft bela,., the surface, is the ore (stoping) level. The 

haulage level is tel ow this level, at 3, 200 ft. Ore is mined al:ove the haul­

age level and droppe::l dcwnward through an ore pass into a railcar, which 

carries the ore to the proouction shaft for hoisting. Twelve tons of ore can 

te hoisted at one tirre fran the production shaft. The haulage level also 

carries incaning fresh air fran the downcast service shaft. A drainage/ex­

haust level is located arout 15 ft helcw the haulage level and is use:l to 

drain water to the main sump level and to take return exhaust air to the 

UfCast production shaft. The lowest level is the 3,300 ft surrp level which 

handles all drainage water. The water is pumped to the surface by pump sta­

tions at 3,200 and 1,600 ft in the service shaft. The 3,300 ft' level can act 

as a large sump in case of pump failure. Presently al:out 5, 200 qpn is l::eing 

pumped; however, the mine is actually making only al::out 4,000 gp:n because of 

water reuse in the mine. 

The rock has proven to re very canpetent. The main passageways are reing 

constructed to a size of 10 ft-by-10 ft. An experimental mining program has 

J:::een canpleted, and an undisclosed quantity of ore had been toll milled by 

June 1980. 

Gulf personnel have indicated that new mining techniques have and will he 

developed for the !Vbunt Taylor mine. For example, much mre rrechanized mininq 

will J:::e used. An AEC miner has J:::een JlOdified for use in the V.Testwater Sand­

stone. Consideration is reing given to slurrying haulage develop.nent waste 

into mined out areas as a rrEans of ground control and waste disposal. 

Target ore production is 4, 000 tons per day yielding l:::etween 7-B million 

lbs. u3o8 per year. This production rate will be slowly Fhased in as it will 

depend on such diverse pararooters as manac:rerrent policy, the tirre when the mill 

reaches completion, toll contracts, and market committments. 

Average ore grade is expected to run al:out 0. 3 percent U p 8 ( 6 lbs per 

ton). Cutoff has been tentatively set as 6 ft at 0.10 percent u3o8• The 

uraniun cx::curs as coffinite and appears to re in secular equilibrium with its 

daughters. The Mount Taylor uranium deposit has been described by Riese and 

Brookins (1980). 
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The ore is sanewhat difficult to reach. Longer retention t.·'"lle, higher 

leaching temperatures and pressures, and lONer pH in the leaching tanKs are 

various ways which might re use to increase recovery. The ratio of uraniUP'l to 

molyl:rlenum runs arout 15.1 in the ore, and a nnlyb:lenum recovery circuit may 

l::e planned. 

~he water first coming into the mine's central sump area undergoes some 

settling . in this sump. Once the water is pumped to the surface, it goes 

through several baffled, lined settling ponds. An ion eKchange facility has 

~n completed at the site but is presently not in use. The water has BaCl/. 

(for radium precipitation) and acid (pH adjustment) added refore going through 

the final settling ponds. Prom the final settlinq pond, the water is trans­

ported in a 24-inch pipe to the San Lucas Dam area for discharge. Fina1 

dewatering rates as the mine develops could reach S,000-10,000 gprn. 

Once the mine is in full production, mine waste will probably :te al:xmt 

600 tons per day. This waste will te used either as backfill or place on the 

mine's waste bench area near the mine. 

Construction of a third shaft, (apprax:imately 4, 700 ft deep due to a 

higher collar elevation than the present shafts) is being considered as a vent 

shaft for the mine as the mine develops outward. A fourth shaft may also be 

necessary. 

There are 7, 500 kilovolt-amphere (Kva) of standby generator (5,000 kw jet 

turbine and 2,500-kw diesel) equiprrent available in case of loss of electric 

?JWer. A 20,000 Kva substation serves the mine ccrnplex. Power is supplied by 

Public Service Ccmpany of New Mexico. 

Approximately 530 persons including roth Gulf and Harrison-western ~r­

sonnel are presently employed at the site. Between 750 and 1,000 employees 

will :te working at the mine-mill project when it is in full production. 

Gulf has annormcro plans to build a mill near the mine to process the 

Mormt Taylor ore. The tbne frame for construction of this mill is dependent 

up:m receiving state licensing and pe:rmit approval, canpany policy, marketinq 

contracts, and other considerations. Until the mill is canpleted, ore will 

probably re tolled at nearby mills. Tolling would probably result in lower 

u3o8 recovery from the ore than ultimately planned by Gulf. 

At the present tirre, Gulf has no marketing contracts for its uranium 

production from Mount Taylor~ however, it is expected that contracts will be 

obtained soon. Because of the large reserves, extensive mine production 
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capacity, and rather high-grade ore, the Mount Taylor mine is exp. ;ted to 

produce a rrajor r:ortion of New Mexico's uranium in the CO""in~ :years. 

Hanestake Mining Canpany, in partnership with UNC (United Nuclear Cor­

r:oration), operates five uranium properties in the Ambrosia Lake district. 

All properties are developed in the Westwater Canyon Sandstone Member of the 

fJ!orrison Formation. The active mines are the Section 13, 15, 23, and 25 

mines. The Section 3 2 mine is idle except for recovery of uranium through 

mine-water recirculation. A canparison of fiscal 1979 and 1980 production 

from UNC-Hanestake partnership mining operations can be seen in the preceeding 

discussion on United Nuclear CorpJration. Harestake CMns 30 FErcent interest 

in all UNC-Hanestake partnership operations. 

Western Nuclear, a subsidiary of Phelps-Dodge, mines the Ruby Wells 

dep::>sits at Mariano Lake in the Smith Lake district. The canplex consists of 

four separate mining develop!"\3nts, the Ruby No.1, No.2, No.3, and No.4. The 

Ruby No.1 and No.2 rray re considered one mine since they are connected ann 

entered through the sarre decline. The Ruby No.3 and No.4, currently under 

development, will also utilize a common decline for entry and will eventually 

connect by drifts as mining progresses. All Ruby dep::>Sits are in the Poison 

Canyon Sandstone tongue of economic usage at the westwater-Brushy Basin con­

tact. The der:osits lie along the sarre synclinal axis as the adjacent Mariano 

Lake, Mac, and Blackjack derosits (the latter two are inactive). All of the 

Ruby mines are on the sarre stratigraphic and structural level. Ristorcelli 

(1980) has discussed the geology of the Ruby Wells deposits in the Smith Lake 

district. 

The Ruby No.1 and No.2 are reached by the sarre decline. All pillars have 

~n pulltrl in Ruby No.1 and retreat canpleted, except that SOJ'!E barrier 

pillars have reen left to insure stability in the decline area and in the 

3,000 ft-lonq drift over to the Ruby No.2. Total production fran the Ruby 

No.1, which regan production in 1976, has been approximately 2 million lbs 

u3o8• Total recovery of ore in place to the desired cutoff has been estimated 

tore al:xmt 85 percent. Ore grade has averaged 0.17 percent u3o8 (3.4 lbs per 

ton). Mine developrrent and ore recovery are nc:M (June 1980) taking place in 

Ruby No.2 with the first production having been achieved in March 1980. 

Production from Ruby No.2 averages 400-500 tons per day. The average ore 

grade is approximately 0.17 percent u3o8 (3.4 lbs per ton) with a cutoff grade 

of 0.05 percent u3o8• Ore grades higher than 0.03 percent but less than o.os 
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percent u3o8 are stored for later blending, The mine uses rubl:er-tired 

vehicles and slushers. It is expected that pillars will be pulled in the Ruby 

No.2 using the sane procedure as in Ruby No.1. caving within the overlying 

Brushy Basin can extend up to the Dakota Sandstone and occurs so rapidly that 

pillars are not shot until after the ore has been quickly slushed out. No 

surface sul::sidence has b3en detected. 

The ore is trucked via Western Nuclear's private haulage road to Kerr­

McC'.,ee's Ambrosia Lake mill sorre 32 miles away. Mining will re ccrnpleted in 

1981 at the Ruby No.2 when ore reserves are exhausted. 

The 2,050-ft long decline serving Ruby No.3 was canpleted in the spring 

of 1980. Drifting to intersect the vent shafts and the ore 1:xJdy is in pro­

gress with mini.l"lq of ore fran ~ No.3 scheduled for the fall of 1980. l'1hen 

in full production, Ruby No.3 will produce approximately 800 tons per day. 

Rul:¥ No.4 will also use the Ruby No.3 decline. Mining of these two mines 

should be ccmpleted in 5 years. Prod.uction during these years will probably 

l:::E somewhat rore than the present R~ No. 2 production. All mines are vir­

tually dry, producing less than a gallon of water per minute. 

Total emplCJyl'l'ent at the Ruby mines is presently alx>ut 78 of which 45 

percent are Navajo. 

Todilto Exploration and Development opened its new Piedra Triste mine in 

Section 30, T. 13N., R. 9W. in 1979. Like the Haystack mine also operated by 

Todilto, the Piedra Triste is a Todilto Limestone de(X)sit worked initially by 

open-pit methods and finally developed as an underground mine. In Octol::er 

1980, the Piedra Triste was closed due to low S(X)t market prices, hiqh pro­

duction costs, and unfavorable severance tax rates. The nearby Haystack is 

one of the oldest continuously operated uranium mines in New Mexico, having 

teen developed as a result of the 1950 discovery by Paddy Martinez at the base 

of the l:utte for which the de(X)sit is named. Todilto uranium deposits are 

discussed by Rawson ( 1980). 

UNC Resources is the holding company for United Nuclear Cor(X)ration which 

normally operates six mines in the Grants Mineral Relt. Beginninq at the west 

end of the belt, u~ operates both the NE Church Rock mine and the Old Church 

Rock mine which has teen recently reactivated. Further east in the Ambrosia 

Lake district, rJNC operates three mines, currently idle: the Anne Lee, the 

Sandstone, and the Section 27 mines. .All of these mines are underground and 

produce fran the Westwater, although the Old Church Rock produced in the past 
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fran the nakota as well as the Morrison. Leaching operations are continuing 

at the three Ambrosia Lake mines during their closure. The Saint Anthony mine 

in the Laguna district is an old underground mine that was later developed 

into a joint underground and pit operation. Production is from the Jackpile 

sandstone in the Morrison Formation. CUrrently operating on a reduced sche­

dule, the Saint Anthony shaft is idle and production is only from stockpiles 

in the open-pit area. 'l'he geology and ore trends of the Saint Anthony under­

ground mine are discusse'i by Baird and others ( 1980) • 

A ccmparison of fiscal 1979-1980 ~ uranium production by selecte'i mine 

has teen made public (Uf\C Annual Report, 1980) and is sho;.m belcw with produc­

tion units in lbs u3o8 concentrate. 

1979 1980 

Church Rock mine 1,515,000 1,196,000 

Ambrosia J,ake mines (Anne Lee, 424,000 393,000 
Sandstone, Sec.25 & Sec.27) 

St. Anthony mine 559,000 575,000 

United Nuclear-HOI'I'estake Partners 1,098,000 1,147,000 

Other1 275,000 288,000 

3,871,000 3,599,000 

1 includes purchased ore, by-product recovery and proouction by ion 
exchange fran mine waters. 

Kerr-McC,ee's total uranium operations include one mine at Church Rock, 

the Church Rock No.1 (connects to No.1 east) and nine mines at Ambrosia Lake. 

Four of the Ambrosia Lake mines, the Sections 17, 22, 24, and 33 mines, are 

producing uranium through mine-water recirculation only. The other Ambrosia 

Lake mines include the Sections 19, 30, 30W, 35, and 36 mines. All ore bodies 

are in the Westwater C"..anyon Sandstone Manber of the Morrison Fonnation at 

depths ranging from 750 to 1,600 ft at Church Rock. Ore grades are not avail­

able for publication. 

In addition to their Church Rock and Ambrosia Lake mines, Kerr-McGee has 

planq to develcp a new mine to re called the r..ee mine at Roca Honda in Section 

17, T. 13N. I R. 8W. The shaft collar is expected to re ccrnpleted by the end 

of the summer of 1980. The shaft itself will re a 15-ft-diarreter concrete-
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lined shaft to a depth of alx:mt 1,650 ft in the Westwater. Although the 

ccrnpany has no exact ti.rre frame for the ccrrpletion of the property, lease 

rights must 00 maintained. The lifespan is expected to re 15 years, and when 

at peak production, the mine should employ sate 225 people. 

The Rio Puerco mine of Kerr-McGee was closed shortly after it had gone 

into production in late 1979. Uncertainties in the uranium industry coupled 

with lCM Jl'larket prices for uranium, high production costs, and unfavorable 

taxation ~re cited as major factors contrib.lting to their decision to dis­

continue operations at Rio Puerco. In addition, the excessive distance fran 

the mine to the Kerr-McC:ee mill at Ambrosia Lake may have reen an additional 

eooncmic consideration at the ti!re the mine was closed. 

By mid-year 1qso, the Flea/noris Extension mine operated py M & M Mining 

in Sections 20 and 21, '1'. 31N., R. 9W., was idle. A new decline has been 

developed at the backside of the Doris extension and drifts connect to the 

Flea mine. The ore, partly controlled py a cylindrical collapse structure 

(Hilpert, 1969) is within the Poison canyon sandstone at the Westwater-Brushy 

Basin contact. 

~anchers Exploration and Development has two mines under joint operation, 

b:::>th at Ambrosia Lake. The Hope mine is a Todilto Lilrestone deposit which is 

worked underground, and the Johnny M mine is in the Westwater. Chaco Energy 

is a joint partner at the Hope mine. 

The Johnny M is a joint venture with HNG Oil Coopany, a subsidiary of 

Houston Natural Gas. tt is the largest operation of the t'NO mines, having 

produced 1.5 million lbs n3o8 in 1978 and expected to reach 3 million lbs by 

late 1980 (Albuquerque Journal, March 11, 1979) as the mine's oorth~st ore 

l:ody cctrles into full production. Forward sales contracts of uranium have 

shielded the ~Tohnny M scmewhat fran the softening uranium market. In November 

1979, the canpany announced a significant supply contract with Taiwan P~er 

Canpany of 2 million lbs u3o 8 to be delivered fran the Johnny M beginninq in 

early 1981. Gulf States Utilities of Beaum:mt, Texas purchased the first 3 

million lbs of uranil.llll oxide fran the Johnny ~1 (Ranchers news release, Novern­

oor 9, 1979). 

At the Johhny M, ore occurs at depths of about 1,400 ft and averages 

atout 0.25 percent uranil.llll oxide in three separate <'leposits in Section 7, 

T13N., R8W and a single deposit in the eastern half of Section 18 which was 

acquiroo from UK:: in 1972. The Johnny M deposit is discussoo in further 

detail by Fitch (1980) and Falkowski (1980). 

69 

Access ID No. 04133 US-NAUM0054218 

US-NAUM0054133-00086 



The only currently productive mine in New Plexico beyond the limits of the 

Grants Mineral Belt is the Enos Johnson mine near Sanostee on the Navajo 

Indian Reservation operated by Ray Williams Mining Ccmpany. 'I1le deposit is in 

the Recapture Meml::er of the M:>rrison Forma.tion and has been mined intermit­

tently since 1952. 

The JJ No.1 mine operated by Sohio Petroleum Company is located on the 

L-Bar Ranch near Biro. The L-Bar is jointly owned by Sohio and Reserve Oil 

and Minerals Corporation. 

The sinking of the 665-ft-deep 14-ft-diameter concrete-lined shaft serv­

ing the JJ No.1 began on April 1, 1975 and was canpleted on Septenber 1, 1975. 

The first ore was proouced on July 26, 1976. 

The ore lxrlies are located in the Jack:pile sandstone. These are rouqhly 

tal::ular-shaped deposits and are found in general at three horizons. Ore grade 

runs from 0.1 to 0.4 percent u3o8 with an averaqe grade of approximately 0.13 

to 0.17 (2.6 to 3.4 lbs per ton) percent u3o8 (depending on mining area). 

Total reserves (including the pit and shaft mine yet to be developed) are 

estimated at 11 to 12 million lbs of u3o8• Jacobsen (1980) has discussoo the 

geology and ore controls of the L-Bar deposits. 

Ore rerroval is through the use of rrodified rcx:xn and pillar techniques. 

The ore and waste are hauled to the central station by roth tracked and tired 

vehicles where the rraterial is placed in either the waste or ore trench. The 

skips are positioned into loading p::>ckets and the material is slushed frc:m the 

trench into the skip. There are two skips, each with a capacity of 3 tons. 

These are served by a hoist using a Canadian Ingersoll Rand 72 inch by 48 inch 

double drum driven by a 400 hp rrotor at 1,070 ft per minute. The skips in 

turn durrp into a large steel bin (located in the 105-ft-high headframe) which 

has a capacity of 180 tons. Fran the bin, the mterial is loaded onto trucks 

for transpJrt to the waste piles or mill. 

Originally the haulage level was in the Brushy Basin below the level of 

all of the ore l:xxlies; however, swelling of the clays in the Brushy Rasin 

caused problems to develop in this haulage level. A level alx>ve the original 

level has therefore been developerl in sandstone. Because sare of the ore is 

belo.v this level, declines will have to be developed into this stepping area 

and the ore rroved up the rarrps to the main skip loading area. 

l-Jhile the level above the original haulage was l::eing developed, ore 

production laggoo fran the original target production of 1,500 tons per day. 

As of June 1980, however, production levels had increased to 1,000 tons per 
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day. Mining personnel were optimistic that a level of production of 1, 0 00 

tons per day or rrore could re maintained. 

It was originally estimated that arout 400,000 tons of barren rock and 

100,000 to 200,000 tons of low-grade material (less than 0.05 percent u3o9} 

would re produced over the lifetime of the mine. 

Recently, part of the mine waste has been returned to the mine for back­

fill. Last year, mining personnel slurried sands (a total of 4,000 to 5,000 

tons) back into mined out areas for ground control. It has b3en found, how­

ever, that slurried waste also wo:t'ks well, and 100 to 150 tons per day of 

waste are presently ooing slurried as backfill al::out twice each ~. The 

total arrount of backfill used over the mine's lifetime will depend on the 

ground conditions encountered during pillar pulling. 

Approximately 230 persons are anployed at the JJ No.1 mine. Mining 

rersonnel and equi!Xfent are trans,P)rtei into the mine using a Nordl::erg 78-inch 

oy 66-inch single-drum hoist driven by a 250 hp rrotor at 470 ft per minute. 

In June 1980, the mine was making approximately 60 gpn of water. This 

was a slight increase fran November 1979 of 25 gpm. water flow has always 

reen less than was originally expected. For example, the original pumping 

system was designed for 250 gpm. The water is discharge into settling _p)nds 

fran where it is pumped. into the nearby mill circuit. 

Two additional mines are e>q_:)ecterl to re developed by Sohio on the L-Bar 

property: 

1) A pit-mine developnent beginning in 1983, which will 

start production in 1985 and produce through 1988, 

locaterl in section 25, T. llN. , R. sw. 

2) 'A shaft in Section 12, T. llN., R. SW. for which 

shaft construction will l::egin in 1986. 

It is l:elieved that this canplex of Sohio mines will continue production 

until the late 1990's. At the present t:ine, Sohio has fulfilled all contracts 

for yellowcake, and does not have a contract for future production. 
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Sumnary of Mine Closures by December 1980 

As of Decernl:Er 1979, 42 mines were producing ore in New Mexico. Gulf 

Mineral Resources' Mount Taylor mine is included as an active mine although 

all ore mined is being stockpiled until mill facilities are complete. Fifteen 

active mines were out of operation by December 1980, reducing the total number 

of prooucing mines to 27. Of the 27 producing mines, many were operating on 

reduced shifts. At least eight mines were producing uranium through mine­

water recirculation only, and several active mines were undergoing mine-water 

reCirculation with minor proouction through IX (ion exchange) units. A list 

of idle uranium mines as of December 1980, is shown in Table IV-3. 

Table IV-3. Idle uranium mines in New Mexico due to closures as of 
J)ecemrer 1, 1980 (New Mexico Bureau of r~looy). 

Mine Location Operator 1979 Production 

P-9-2 Sec. 4-5-8, T. lON., R. sw. Anaconda No 
PW 2/3 sec. 33, T. llN., R. sw. Anaconda No 
Sec. 10 Sec. 10, T. 14N., R. lOW. Cobb No 
Spencer Shaft Sec. 6 & 8, T. 13N., R. 9W. Koppen Yes 
Rio Puerco Sec. 18, T. 12N., R. 3W. Kerr-McC'...ee Yes 
Sec. 17 sec. 17, T. 14N., R. 9W. Kerr-Mc;('.,ee Yes 
Sec. 22 sec. 22, T. 14N., R. lOW. Kerr-McC':ee Yes 
Sec. 24 Sec. 24, T. 14N., R. lOW. Kerr-McGee Yes 
Sec. 33 sec. 33, T. 14N., R. 9W. Kerr-McGee Yes 
Flea-Doris Ext. Sec. 20 & 21, T. 13N., R. 9W. M&M Yes 
Poison Canyon Sec. 19, T. 13N., R. 9W. Reserve Yes 
Piedra Triste Sec. 30, T. 13N., R. 9W. Todilto Yes 
Saint Anthony Sec. 19 & 30, T. llN., R. 4W. ur-.x:: Yes 
Anne Lee Sec. 28, T. 14N., R. 9W. uoc Yes 
Sandstone Sec. 34, T. 14N., R. 9W. UNC Yes 
Sec. 27 Sec. 27, 'I'. 14N., R. 9W. ~ Yes 
Sec. 32 sec. 32, T. 14N., R. 9W. UN-HP Yes 

Ore production capacity, as calculated by the New Mexico Bureau of C..eolo­

gy, had declined by 7 percent during the first half of 1980 as result of mine 

closures (Hatchell, 1981). Year-end production levels would be made up by 

shipping and milling quantities of stockpiled ore. 

Total anploynent in uranium mining as rep:Jrted to the DOE in mid-1979 was 

'5,666 in New Mexico canpared to 6,021 in 1978. Of this total, 1,843 were 

underground miners with an additional 1,836 service and supp:Jrt personnel; 
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338 were open-pit miners with an addtional 237 service and support personnel; 

496 were technical personnel; 555 were superviso.ty personnel; and 361 -were 

classified in other job categories. 

,!:!E?W t1ine Developrent 

In addition to the 27 mines that were in operation as of Decanber, 19RO, 

several mining projects were in various stages of developrrent or planninq. 

Table IV-4 lists New Mexico uranium mines currently mder developoont. 

Ry early 1980, Gulf's Mount Taylor prcx:iuction mine shaft at San Mateo had 

been canpleted to the 3,300-ft surrp level, and drifts to rrore than 200 ft 

beyond the shaft had produced up to 100,000 lbs of u3o8 fran the Westwater 

Canyon ore bodies. All production to date has heen stockpiled eKcept for a 

minor arrount that was shipped for retallurgical and. milling tests. 'rhe ore 

mineralogy is principally coffinite and. averages about 0.30 percent u3o8 (6 

lbs per ton) with a uranium/molyl:denum ratio of 15:1. Gulf considers 6 ft at 

0.10 percent to be their economic cutoff. Production will be from ore pods 

within roth the upper and l<:.J.Ner Westwater canyon sandstone that hosts the 

complex of deposits which is estimated to contain in excess of 100 million lbs 

of u3o8• The life of the mine is expected to be 20 years with a prcx:iuction 

shipping target date of 1982. Ncminal production capacity of the mine when in 

full production is expected to be 4,500 tons per day. Gulf is still awaiting 

final licensing for a 5-rnillion lb per year milling cperation to re located in 

San Mab~o. 

The f.bunt Taylor defX)sit is regarded as the largest and deepest uranium 

deposit known in the United States. 

Phillips Uraniuf11 Corporation continued to sink their 18-ft diameter 

production shaft at the Nose Rock No.1 mine northeast of Crownpoint. Work on 

the Nose Rock No.2 mine shaft was suspended in May 1980, with the ccmpany 

citing econanic reasons due to delays in mill licensing and a slurrping uranium 

market. Ry September 1980, the No.1 shaft. had reached a depth of 2,600 ft 

toward a target depth of 3,200 ft by May 1982. 'rh.e Nose Rock deposit is 

unique to the San Juan Basin of New Mexico in that the ore occurs in large 

roll-type deposits. All mineralization is within the upper and middle West­

Wdter Canyon and is distribJted along four horizons that total alx>ut 150 ft of 

thickness. When in full production, the 24-million-lb deposit connecterl by 

mine shafts No.1 and 2 should average 2,950 tons per day. 'rh.e geology of Nose 
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Table IV-4. Mine projects under development in New ~ico as of June 1, 
1980 (New Me.'tico Bureau of ('eology). 

Target 
Canpany Mine Location Depth (ft) 

Amiran Desiderio Sec.26,T.13N.,R10W 

Anaconda H-1 A.dit Sec.4,T.10N.,R5W 

Bokum Marquez No.1 Sec.25,T.13N.,R.SW. 2,100 

Kerr-McGee' Lee (Roca Honda) Sec.17,T.13N.,R.8W. 1,675 

Kerr-McCee- Marquez Sec. 23,T.13N.,R.SW. 2,200 
TVA 

Mobil CrCMnpoint (in sec.9,T.17N.,R.1JW. 2,000 
situ project) 

Mobil Monlli!Ent (in Sec.28,T.17N.,R.12W. 2,000 
situ project) 

Phillips Nose Rock No.1 Sec.31,T.19N.,R.11W. 3,200 

Union Carbide Diarocmd Tail Sec.16,T.13N.,R.6E. 10-400 

Western- Ruby No.3 & 4 Sec.25&26,T.15N.,R.13W. 1,600 
Nuclear-Reserve 

Western- Section 16 Sec.16,T.13N.,R.8W. 1,600 
Nuclear 

~-conoco crCMnJXlint Sec.24,T.17N.,R.lJW. 2,200 
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Rock orel:x:xiies are described by Cla:a::k ( 1980) and Nose Rock exploration tech­

niques are discusse:3 by Rhett ( 1980). 

The CrCMnpoint Section 29 development mine shaft tegun by the V~~C-conoco 

Mineral Corp::>ration in mid-April 1980, had reached a depth of over 1, 000 ft by 

mid-June 1980 and had reached the 2,200 ft proouction level by Septeml:er. In 

order to minimize shaft sinking tilre, the shaft was dri1le:3 to total depth 

rather than anploying the conventional blast-and-muck rrethod. NCM that the 

developrrent shaft has teen canpleted, the 3-ft diameter pilot hole for the 

main production shaft located at a distance of 100 ft will be connected to it 

by drifting. As the production shaft is drilled and blasted down through the 

pilot hole, muck and water will be hauled through the drift and punped out of 

the adjoining development shaft. The company estimates that two full produc­

tion years can be saved if the operation continues as planned. The CrCMnpoint 

deposit could be in production as early as 1982. Total recoverable reserves 

contain at least 10 million lbs of u3o8 and occur in four Westwater sandstone 

horizons. {Wenb.orth and others, 1980). Mill plans are as yet incanplete 

since the firm is in the process of evaluating potential sites. 

Conoco has several discovery projects in various stages of develq::>JT"ent; 

hCMever, mine plans are as yet incanplete. At the eastern extranity of the 

Grant Mineral Belt in Section 36, T. 12N., R. 2W., Conoco has a major uranium 

find in the area of Sandoval County k:nCMn as the Bernabe-Montano. The deposit 

is in the Westwater canyon Meml::er of the Morrison Formation at depths ranging 

from about 1,700 ft to more than 1,900 ft. At least 10 million lbs of u3o8 
reserves haVe .!::een delineated on the property which is fully controlled by 

Conooo. Conoco has made shaft site studies and one amenability study at the 

prop:rty and is awaiting mining development which will depend primarily on the 

future recovery of the uranium market. No mill plans have as yet been filed. 

The Bernabe property is at the eastern edge of the Grants Mineral Belt at the 

juncture of the Rio Grande rift and the San Juan Basin (Kozusko and Saucier, 

1980). 

Conoco aiso has exploration development projects in progress at Borrego 

Pass and at Hosta Butte. The Borrego Pass deposit will probably be developed 

as a mine after the Crownpoint project is brought into production. 

Dewatering problems and procedural delay in mill licensing continued to 

hamper development at the Hokum Resources Corporation Marquez mine through 

197(}. By February 1980, ho.vever, the firm's bel011-surface tailing disposal 
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plant had reen approved and a license was issued. At least two mineable 

uranium deposits occur at the Marquez property. The deepest deposit is 

located at a:wraximately 2,100 ft and has recoverable reserves of 10.7 million 

loo of o3o8• This deeper deposit is intercepted by the 2, 100-ft-deep Marquez 

No.1 shaft. The Marquez No.2 ore body located at a depth of 1,600 ft has 

reserves of sane 751,000 103 of o3o8 and will re developed as market rondi­

tions and sales canmitrrents allow. Livingston (1980) has discussed the 

geology and the developrrent of the Marquez uranium deposit. 

As discussed earlier, Kerr-McGee plans to develop a new,mine in the Roca 

Honda area of Ambrosia Lake to re called the Lee mine. The production shaft 

site is located in Section 17, T. 13N., R. SW. The rollar for the 14-ft 

diameter concrete-lined shaft has been completed and other site work is pro­

gressing. l\ second production shaft was C01'1pleted at Church Rock, and mine 

feasibility and planning studies are rontinuing at Marquez where the company 

is involved in a joint venture with the TVA (Termessee Valley Authority). 

By May 1980, ~stern Nuclear was retreat mining the Ruby No.2 deposit, 

which was opened by a 300-ft drift fran the Ruby No.1 mine. The Ruby No.3 and 

Ruby No.4 inclines were completed in June 1980, and drift work should inter­

sect the two ore l:x:xUes by Oc:.:tober 1980. The Ruby No.3 will produce at al::out 

800 tons. per day when in full production. The Ruby ore l::odies are in the 

Poison Canyon tongue of eronanic usage ( upperrrost Westwater). ~stern Nuclear 

anticipates that the Ruby deposits will be depleted within 5 years; meanwhile, 

exploration is continuing on their Section 16 ore body near Lee Ranch in the 

Ambrosia Lake district. 

Another development during 1979 includes the apparently successful Mobil 

in situ leach project in Section 9, T. 7N., R. 13W., near Crown.PJint. Al­

though actual results have been withheld, a ooncentrated uranium slun:y ap­

pears to have teen produced by the pilot plant. The finn plans to apply to 

the EID (Environmental Improvement Division) for a pennit to mild a can­

rrercial:_size, leach-solution facility planned for operation by 1982 with an 

ultima.te capacity of arout 2,000 tons per day. Mobil's Monument in situ 

project in Section 28, T. 17N., :R. 12W., is in the planning stages with 

chemical testing planned to commenced in November 1980. Monument is located 

arout 2 miles east of Crownpoint, where the mineralized Westwater host rock 

will be tested at depths of a:pproximately 2,000 ft. A ccmparison of solution 

mining technology in Ne,., Mexico and south Texas is presented by Conine ( 1980). 
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Preliminary pJ.Sh-pull test.ing for a pilot .in situ operation was success­

fully canpleted by UOC..JI'eton in June 1980, at Section 13, T. 1 6N., R. 17W. 

Teton plans to apply for a license to operate a pilot plant .in the general 

vic.inity of this testing .in the late fall of 1980 and to proceed with ad­

ditional development drilling and core testing. Potential production horizons 

at Section 13 lie at depths of 1, 200 to 1,400 ft {Peterson, R.J., 1980). 

other in situ leach projects that are planned and have been announced are 

listed in Chapter v, Milling. 

AML Study 

As part of a national inventory of abandoned coal mines, the Surface 

Mining and Reclanation Act of 1977 authorized the State of New Mexico to 

inventory and assemble data on all abandoned or inactive mine lands within the 

state. Although the act calls for primary errphasis to be directed on coal 

mines, uranium mine data was collected dur.ing the course of the inventory. 

All data collected will re utilized by the State of New Mexico in the develop­

rrent of AML (Abandoned Mine Lands) reclamation projects. 

The Mining and Minerals Division of the New Mexico Energy and Minerals 

Departrrent has been directed as the state agency to receive the federal AML 

funds. Under the direction of the Mining and Minerals Division , the New 

Mexico Bureau of Mines and Mineral Resources has been contracted to inventory 

and assess lands for AML reclamation under Phase I of a national inventory as 

well as under the state's cooperative planning agreement with the federal 

govenunent. Other agencies, roth state and federal, will becc:~~e involved in 

subsequent phases of the AML project: rreanwh.ile, the inventory of uranium 

sites that qualify under the te.nns of AML has been carrpleted and will be 

released by EMD as pai:t of a series of open-file reports in 1981. Thus far, 

over 200 radioactive prOSfects and mine sites have been located in New Mexico 

and include roth non-productive prospects as well as properties with past mine 

production (Hatchell, 19 81, pg. 44) • Table IV-5 lists these and other proper­

ties by county, location, and geologic host rock. 

~~ining Costs 

Mining costs depend on a variety of factors that ma.y be peculiar to a 

single mine or mining situation. Sudl factors as ore grade, reserves, mine 

depth, size and distrib.ltion of the ore lx>dy, mineralogy of the ores and the 
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amenability to milling, the competency of the host rock, dewatering reguire­

ll"ents, utility costs, lab:>r costs, royalty and taxation costs, and prcx:luc­

tivity per man hour all dete:rmine the profitability of a mining operation. 

Open-pit mining has traditionally teen less expensive than underground mining, 

and hence lo.ver grade material can l:e recovered. 

'T':lhh~ rv-rl., NC"'.V Mcxicn uranhun (lCcurrences, non-proOuctive pros~cts 
ann ahandom~ mir)(~r. i't.S nf .July 19RO (New Mexico Mininq and Minerals 
nivisicm) .. 

. Jtmjo (Cerro Colorado) 
flary 
~'=· H (Varnum) 
(luary 
Minniqht No. 2 
McPhaul M1t 
Blue Star 
ABC (Snooper claims) 

'l'oopee (Rocky Arrcryo) 
~lhambra-Bluebelle No. 2 
Floyd :':ollins 
Merry Wido. 
Tnez 
:;hilfltt"ock 
C.1lamit.y Min<' 
BJue t7ay 
Rugcnic 
Pnlita No~ :> 
Mary Nr> • . 1 (flysart No. J) 
f)ysart No. 1 (J<io t'!e Oro) 
flysart No. 2 
TJnlt<¥l Hcstern (.J&M) 
,;.,~. Lh (lkP No. l) 

1«.,..1 Puin1 r.nde 
Wi 11 i .1m!! 1. '!'hnrpson ( fl<'c. I R) 
S•~·. 24 {1~1<'11 & F.d1 th) 
11i;unm.J J (Lilrqo) 
rn 1. ~~ (S<>c. 1~) 
l'nutz Nn. ·; (Y<"llcw ,T.,ckt•t) 
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County 

Rernalillo 'l'.9N, 
catron '!'.lOS, 
catron T.3N, 
Catron T.8S, 
Catron '!'.2N, 
Catron 'l'.2N, 
nona Ana '1'.2N, 
l>:)na Ana 'l'.lllN, 

'1'.19N, 
&lcty T.21S, 
Grant '1'.2()5, 
Grant '1'.205, 
Grant T,20S, 
Grant '1'.205, 
:",rant 'l'.20S, 
Grant T.20S, 
Grant 'l'.ZOS, 
Grant T.20S, 
J.Jarding T.17N. 
McKinley '!'.14N; 
~'ICI<inley T.l4N, 
McKinley 'l'.14N, 
'1CKinley 'l'.l4N, 
McKinley T.14N, 
McKinley T.lJN, 
McKinley 1'.13N, 
Mi'f(inley T.IJN, 
McKinlf'Y 'l'.l'>N, 
Mcl(i nley '1'. LON, 
r-<r'Kir:ley '!',!FiN, 
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Tocation 

R.lW, SW/4 Sec • 1 
R.l9W, Sec. 20 

R.l6W, NE/4 Sec. 21 
R.l7W, SW/4 Sec. 27 
R.llW, W/2 Sec. 12 
R.llw, SE/4 sec. 14 
R.3E, l'M/4 sec. 25 

R.2W, Sees. 33, 34 
R.2W, Sees. 4, s 
R.24i;;, SP./4 sec. 26 
R.15W, NE/4 Sec, 21 
R.lSW, Sees. 21, 22 
R.lSW, s/2 sec. 22 
R.lSW, S/2 Sec, 24 
R.lSW, SW/4 Sec, 23 
R.lSW, SE/4 Sec. 23 
R,15W, N/2 Sec. 26 
R.1SW, NE/4 sec, 26 
R.29E, NE/4 sec. ~ 

R.HM, N!<l/4 Sec. 11 
R.lOW, SW/4 Sec. 11 
R.10W, SE/4 Sec. 11 
R.lOW, NE/4 Sec. )6 
R.'M, SW/4 sec. 26 
R.lOW, NW/4 Sec. lli 
R,lOW, SW/4 Sec, lR 
R.11W, NE/4 Sec. 24 
R,l7W, '1/2 Se<:. n 
R.17W, SE/4 Sec. 1') 
R.lfiW, SP./4 Sec, 31 

Hast Rock 

Qhyolitic intrusion 
Rhyolite/fracture 
Mesaverde 1 sarostone 1 
Basalt (?) 
Point T.oc:kout (?) 
Point Lookout Sandstone 
FUsselman Dolomite fault 
Santa Fe Group (sandstone) 
Santa Fe Group (sandstone) 
Yates Forl'lation 
Oiabase dike/Burro C:ranites 
fliahase dike/Burro Granites 
Burro Granite/diabase 
Burro Granite/diabase 
Aurro Granite/diabase dike 
Rurro r,ranite/vein (?) 
Burro Granite/diabase dike 
Burro r:ranite/ vein 
Morrison Fm. (sandstone) 
Morrison Fm. (~stwater) 

Morrison Fm. (Westwater) 
M::>~ison I'm. (~stwater) 
Morrison Fm. (Westwater) 
M::>rrison fi'l'l. {Westwater) 
Todil to f .:i.mestone 
Todilto I.:imestone 
'T'odilto T,imestone 
nakota Sandstone 
M::>rrison FM. (~stwater) 

Morrison Fm. (Brush Rase) 
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Table IV-5 (COntinued) 

Uranium Mine or Prospect 

Foutz No. 1 & No. 2 
William & Reynolds 
Christenoon (Rimrock No, 2) 
S.F. Christenson (R:imroc:k tl) 
Isal:ella 
Spencer Shaft 
Hogan 
Gossett Incline (Beacon Hill 123) 
Blue Peak (C,a=ia 1) 
Mesa Top 7&8 (Malpais Raise) 
Dog Incline (Dcg & Flea) 
~ 
Faith (West.V!ICO) 
Barbara J No. 3 
Barbara J No. 1 
Bailey arrl Fife (R:imroc:k ?) 
Roundy Shaft 
T-20 Shaft 
Flat Top 
SW/4-30 Strip Mine 
Sec, 25 Strip Mine 
Sec, 25 Shaft 
Nlf/4-25 1 Decline & Open Pit 
HAn08h 
Sec. 23 & 26 Open Pit 
NE/4-36 (Rimrock) 
Sec. 31 Open Pit 
Moe No. 4 
Olarlotte 
HOgback (Hogback 3-5) 
Beoent:i 
KeDMC sec. 10 
Sec. 34 Mine 
Sec. 35 Strip Mine (Lost Mine) 
Fel:xn (Small Stake) 
Silver Spur 1 (Silver Spur 51 
Pat 
Oakota 
Junior 
sec. 5-west:Vaco No. 2 
Sec. 1 Strip Mine 
Sec, 2 Strip Mine 
Blackjack No, 1 
Blackjack No, 2 
Mac No. 2 
Mac No. 1 
Westwater 
Rialto (Chill Wills) 
Alta 
Silver flit 15 & 18 (Pentada) 
Francis · 
Evelyn 
Billy-the-kid (Red Tap 1) 
Greer Warren & McCormack 
Elkins 
Maddox & Teaqoo 
Glover 
Red Top 
Haven 
Red Cap (T Group) 
YUcca No. 2 
Lulu Ann 
Good Luck 

Sec. 12 
Little Rattler 
Lucky Strike 
Hilltoot (Serrano) 
Red Head (Tinney No. 2) 
TuBas East Slope No, 5 
J .O.L. (Royal) 
Lucky Dcq/Horny ~ 
La Palana 

Access ID No. 04133 

County 

McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKiriley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
McKinley 
libra 
Quay 

\)lay 
Quay 
Rio Arriba 
Rio Arriba 
Rio Arriba 
Rio Arriba 
Rio Arriba 
Rio Arriba 
Rio Arriba 

IDeation 

T,lSN, R.16W, Nlf/4 Sec. 4 
T.15N, R,16W, SW/4 Sec, 4 
T.lSN, R,16W, SW/4 Sec. 4 
T.15N, R.16W, SW/4 Sec. 3 
T,13N, R.9W, SE/4 Sec. 6 
T,13N, R.9W, NW/4 Sec, 8 
T,l3N, R,9W, SE/4 Sec, 14 
T,lJN, R,9W, 51!./4 Sec. 18 
T,13N, R.l!M', NE/4 Sec. 24 
T.13N, R.9W, W/2 Sec. 20 
T,13N, R.9W, NE/4 Sec, 20 
T,13N, R,9W, NE/4 Sec. 23 
T,13N, R.9W, W/2 Sec, 29 
T.lJN, R.9W, NE/4 Sec. 30 
T,l3N, R.9W, NE/4 Sec, 30 
T,13N, R.9W, NE/4 Sec, 30 
T,13N, R,9W, f/111/4 Sec. 30 
T,13N, R,9W, SE/4 Sec. 30 
T.13N, R.9W, SE/4 Sec, 30 
T,13N, R.9W, SW/4 Sec. 30 
T,l3N, R.l!M', Sec. 25 
T,l3N, R,1<M', N/2 Sec, 25 
T,13N, R,lOW, Nlf/4 Sec. 25 
T,13N, R:l!M', NE/4 Sec. 26 
T,13N, R,l!M', NE/4 Sec. 26 
T.13N, R.l!M', NE/4 Sec. 36 
T.13N, R.9W, N/2 Sec. 31 
T,13N, R.9W, Sec. 32 
T.13N, R,9W, S/2 Sec. 33 
T.15N, R.11M, NE/4 Sec, 12 
T.15N, R.1'lW, NW/4 Sec. 28 
T.l4N, R.lOW, E/2 sec. 10 
T,l4N, R.llw, NE/4 Sec, 34 
T,l4N1 R.llW, NW/4 Sec, 35 
T.14N, R,l!M', SW/4 sec. 31 
T.14N, R.lOW, E/2 Sec. 31 
T.lJN, R.l!M', NE/4 sec, 4 
T.13N, R.lOW, NE/4 Sec, 4 
T.13N, R,10W, NE/4 Sec, 4 
T.13N, R.1<M'1 . W/2 Sec, 5 
T.13N, R,llW, sec. 1 
T,13N, R.llW1 N/2 sec. 2 
T.l5N, R.13W, S/2 Sec, 12 
T,15N1 R.13W, N/2 sec. 18 
T.15N, R.13W1 SE/4 Sec, 18 
T,15N, R.Uw; SE/4 Sec. 12 
T.15N, R,16W, SE/2 Sec. 2 
T.13N, R.<JW, l!M/4 Sec. 24 
T,14N, R.11W, SW/4 Sec, 5 
T.14N1 R.12W, NE/4 Sec, 10 
T,l4N, R.11W, NE/4 Sec, 8 
T,l4N 1 R.11W, NE/4 Sec, 9 
T,l4N, R.11W, NE/4 Sec. 19 
T.14N, R,llW, NE/4 Sec, 19 
T.l4N, R.l2W, NE/4 Sec. 24 
T,14N, R,l1W, NE/4 Sec, 19 
T.14N, R.llW, l!M/4 Sec, 20 
T,14N, R,11W, ~lW/4 Sec. 20 
T,14N, R.llW, SW/4 sec. 21 
T,14N, R,11W, NW/4 Sec. 28 
T,14N, R,llW, Nlf/4 Sec. 29 
T,22N, R.16E, unsurveyed 
T. 7N, R.31E, NE/4 Sec. 1 
T, 7N, R.32E, l!M/4 Sec, 6 
T.llN, R.331!:, W/2 Sec, 12 
T,llN, R.33E, Sees. 11, 12 
T,22N, R.2E, NE/4 Sec. 1 
T,22N, R,3E, Nlf/4 Sec, 8 
T.22N, R.3E, NE/4 Sec, 8 
T.28N, R. 7E, NE/4 sec. 24 
T.28N, R. 7E, NW/4 Sec, 24 
T.25N, R.SE, Sees. 29, 32 
T,26N, R.9E, N/2 sec. 30 
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!b=iaon Fm. (Wesbeter) 
Dakota Sandstale 
l'lakota Sandstale 
Dakota Sa!x.'lstone 
!b=ison Fm !POison canyon) 
lbrrison Fm (Poison canyon) 
!lbrrieon Fm (POieon Oilrrycn) 
lbrrison Fm (POison Ca:nyonl 
!b=ii!IOn Fm ( Poieon canyon) 
lbrrison Fm (Poisa! cartyool 
!ob=iaon Fm (Poii!IOn canyon) 
lbrrison Fm (Poison canyon) 
Todilto Lilmstone 
Todilto Limestone 
Todilto Limestone 
Todil to Limeet<::ne 
Todil to Limestone 
Todilto Limestone 
Todilto Lilmstone 
Todilto Limestone 
Todilto loilmstone 
Todilto Limestone 
Todilto Limestone 
Todilto Limeetale 
Todilto Limestone 
Todil to Limeet<::ne 
Todilto Limestone 
Todilto Limeetale 
Todilto Limestone 
Dakota ~tone 
Dakota Sandstale 
l'brrison Fm (Westwater) 
Dakota Sandstone 
Dakota ~tone 
Dakota Sandstone 
Dakota sandstone 
!ob=ison Fm. 
!obrrison Fm (Westwater) 
Dakota sandstone 
l'lakota Sandstone 
Da.kota/Brushy Basin 
flakota Sandstone 
M:>rrison (Poison Canyon) 
!lbrrisan (Poison Canyon) 
M:>=ison (Poison canyon) 
M:>=ison (Poison c~, 
M:>=ison l>m !Westwater) 
M:>=ison Fm (Poison Canyon) 
M:>=ison Fm (Westwater) 
Dakota Sandstone 
M:>rrison Fm (Brushy Basin) 
M:>=ison Fm (Brushy Basin) 
Todilto Limestone 
Todilto Limestone 
~ilto r.i.mestone 
Todilto L:i.mestone 
Todilto Limestone 
Todilto Limestone 
Todilto Limestone 
Todilto Limestone 
Todilto Limestone 
San9%'9 de Cristo (sandstone! 
Chinle (middle~~ 
Chinle (middle sandstone) 
Chinle (middle sandstone) 
Chinle (middle sandstone) 
Chinle (Aqua Zarl:a) 
CUtler Fm. (IHII1dstone) 
CUtler Fm. I 8aldltone) 
Petaca Sd\ist/fractures 
Petaca Schist/fractures 
Dakota/Burro O!t.njion ? 
Pegmatite/Schist 
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Table IV-5 (Continued) 

Uranillll Mine or Prospect 

Pi.oel!lwle 
Whitefla.~ (Corral No. 3) 
Box canyon (Wasson) 
Collins (Warm Sprinqs l 
Dory (Dorie) 
Betty 
Butler Brothers 
Rambler No. 2 
Sla-TP..x (C'.orral No. 3) 
King Tu.tt No. 2 
liCA Plot No. 7 
Franks ~int (Plot 6 I 
Lower Salt Rock 
Upper Salt Rode 
Willl..ama ~int (Plot No. 4) 
Salt Canyon 
liCA Plot No, 3 
'!'Ant 
Begay Incline 
Begay No. 2 
Carrizo No. 1 
King Tu.tt Point (IICA Plot 42) 
Begay (Begay No. 1) 
!led Wash Point (VCA !?lot U) 
King Tu.tt No, 1 (MF6) 
J'unction 
A largo 
Canyon View (Alonge Claim) 
Jirm1y King No. 6 
Barton and Begay 
Rodcy Flats No. 1 
Canyon No. 1 
John John No. 1 
Jirm1y King No. 2 
Rodcy Flats No. 2 
Cottonwood Butte (VCA Plot B) 
t.one Star (IICA Plot No. 9) 
Hoqback Claim Pits 
Dennet Nezz No. 1 & 2 
Dennet Nezz No. 3 
Horace Ben 
Sec. 8 Mit ( Ul1l'la!Ted) 
Kee and Tohe 
John Joe 
C'.a!!tle Tsoeie 
Joe !len No. 2 
Joe Ben No. 1 
Joe Ben No. 3 
Carl Yazzie No. 1 
H.B. Roy No, 2 
II.B. Roy No, 1 
Reed Henderson 
Boyd 
Sparks-Stone 
High Peak 
sabinoEio (Asco) 
WiOOy No. 9 
Blah No, 2 
verde (Hunt Oil Co, Sab) 
Marion 
Rodgers (l'!et:'Jcy I 
San Jose 
La Bajada 
Red Rook Claim No. 1 
Chise (Trujillo Lease) 
Mitchell Price 
Sierra 
Glory /Errpii:e 
Pitdlblerde Strike (Terry) 
!led Tiger (~ Johnson) 
Par an 
Lucky Don (Bonanza) 

Access ID No. 04133 

County 

Rio Arriba 
Rio Arriba 
Rio Arriba 
Sandoval 
Sandcll'al 
Sandcll'al 
Sandoval 
Sandcll'al 
Sandaval 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
san Juan 
San Juan 
San Juan 
San Juan 
San Juan 
san Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San .Juan 
san Juan 
San Jlllln 
San Juan 
San Juan 
San Juan 
San Juan 
san Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
San Juan 
san Juan 
San Juan 
San Juan 
San Juan 
San Miguel 
San Miquel 
San Miguel 
San Miguel 
san Miquel 
San Miquel 
Santa Fe 
Santa Fe 
SantA F'e 
Santa Fe 
Sierra 
Sierra 
Sierra 
Sierra 
Sierra 
Sierra 
Sierra 
Sierra 
Socorro 

Location 

T,26N, R,9E, NE/4 Sec, 30 
T.23N, R.lE, S¥1/4 Sec. 19 
T.23N, R.4E, NE/4 Sec, 28 
T.l7N, R,1W, NW/4 Sec. 25 
T,12N, R,JW, NW/4 Sec, 8 
T.12N, R,311', S¥1/4 Sec. 17 
T,19N, R,1W, NE/4 Sec, 23 
T,l!lN, R.lW, NW/4 Sec. 35 
T.23N, R.lW, NE/4 Sec, 25 
T,29N, R.21W, ~ 
T,29N, R.21W, ~ 
T.29N, ~.21W, ~ 
T,29N, R,21W, unsurveyed 
T.29N, R,21W, ~ 
T. 29N 1 R, 21W 1 unsurveyed 
T.29N, R.21W, ~ 
T,29N, R,21W, Sec, 23 
T,29N, R.21W, Sec. 23 
T,29N, R,21W, Sec, 24 
T.29N, R,21W, Sec. 23 
T,29N, R,21N, Sec, 24 
T.29N, R,21N, Sec, 23 
T.29N, R.21W, sec. 24 
T,29N, R,21W, Sec, 24 
T,29N, R,21W, Sec, 24 
T.29N, R,21W, Sec. 24 
T.29N, R.21W, Sec, 25 
T.29N, R.21W, Sec. 25 
T.30N, R,21W, ~ 
T.30N, R,21W, ~ 
T.30N, R,21W, Sec. 24 
T.JON, R,20-21W, ~ 
T,JON, R,21W, Sec, 22 
T,30N, 'R,21W, ~ 
T.JON, R.21W, Sec, 26 

_:r.=.. JON·~· 21J! I 1ll".surl/l¥!d 
T.JON, R.21W, ~ 
T,30N, R.16W, Sec. 15 
T,25N, R,20W, Sec, 5, unsur. 
T.25N, R,20W, Sec. 5, unsur. 
T,25N1 R,20W, NW/4 Sec, 30 
T.2SN, R.20W, sec. s, unsur. 
T,26N, R,20W, Sec, 31, unsur. 
T.25N, R,21W, SE/4, Sec. 11 
T.25N, R.21W, SE/4, Sec. 11 
T.25N, R.20W, Sec. 6, unsur. 
T.25N, R,20W, Sec, 6, unsur, 
T.25N, R,20W, Sec, 8, unsur. 
T,25N, R.20W, Sec. 17 
T,25N, R,20W, Sec, 18, unsur. 
T.26N, R.21W, unsur, 
T.25N, R.2ow, sec. 19, unsur, 
T,JON, R.ISW, N/2 Sec. 3 
T.16N, R.14E, Sees. 5, 6 
T.l?N, R.l3E, N/2 Sec. 30 
T.l?N, R,24E, SE/4 Sec, 8 
T.l7N, R,23E, SE/4 Sec, 14 
T,l?N, R,24E, NE/4 Sec. 31 
T.27N, R,24E, W/2 Sec, 29 
T.20N, R,lOE, N/2 Sec, 7 
T.20N, R.9E, Sees. 17, 20 
T.20N, R. 9E, Sec, 29 
T.15N, R. 7E, NW/4 Sec. 9 
T.l6S, R.4W, Sees. 28, 33 
T.l2S, R.?W, Sec. 18 
T.13S, R.SW, Sec, 12 
T,l7S, R,4W, N/2 Sec. 4 
T,lOS, R,SW, Sees, 13, 14 
T.lOS, R.GN, Sec, 26 
T,13S, R."'W, Sees, 1, 2 
T.17S, R.4W, Sec. 27 
T. 25, R.2E, NE/4 Sec. 35 
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Host Rock 

Pegmatite/schist 
CUtler Fm (sandstone) 
Todilto Lilrestone 
M::>rrii!OI'I Fm (Brushy Basin) 
M::>rri.am Fm (Jackpile) 
Morrison Fin (Jackpile) ? 
DaJo:ota Sandstone 
~(Point Lookout) 
Cutler Fm (sandstone,) 
M::>rrison Fm (Salt Wash) 
M::>rri.aon Fm (Salt Wash ) 
M::>rri.aon Fm (Salt Wash) 
M::>rrieon Fm (Salt wash 1 
M::>rrison Fm (Salt Wash) 
M::>rrieon Fm (Salt Wash) 
Morrii!OI'I Fin (Salt Wash) 
Morrison Fm (Salt Wash) 
Morrii!OI'I Fm (Salt wash) 
Morrioon Fm (Salt wash) 
M::>rrii!OI'I Fm (Salt Wash) 
Morrison Fm (Salt Wash) 
M::>rrison Fm (Salt wash) 
M::>rrison Fill (Salt Wash l 
M::>rrison Fin (Salt W!Uih) 
Morrison Fm (Salt Wash) 
M::>rrison Fm (Salt Wash) 
Morri.aon Fm (Salt Wash) 
M::>rrison Fm (Salt Wash) 
M::>rrison Fm (Salt Wash) 
M::>rrison Fm (Salt Wash) 
Morrison Fm (Salt Wash1 
M::>rrison Fm !Salt Wash) 
M::>rrison Fm (Salt wash) 
M::>rrison Fm (Salt Wash) 
M::>rrison Fm (Salt WashJ 
M::>rrison Fin (Salt Wash) 

Mc.r.i:i;;o.;: l'in-{s-ait WaBhl 
Point I.nokout: Sarrlstone 
Morri.aon Fm (Recapture) 
M::>rri.son Fm (Recapture 1 
M::>rrison Fm (Recapture) 
Morrison Fm (Recapture) 
M::>rrison Fm (Recapture) 
!'t:lrrison Fm (Salt W..sh) 
!'t:lrrison Fm (Recapture) 
Morrison Fm (Salt wash) 
M::>rrison Fm (Salt Wash) 
Morrison Fm (Salt wash) 
Morri.aon FM (Salt Wash) 
Todil to Limestone 
Morrison Fm (Recapture) 
Todilto Limestone 
F'ruitland Fm (sandstone) 
Pegmatite 
Peqmatite 
Chinle (middle sandstone) 
Olinle (middle sandstone) 
Chinle (middle sandstone) 
Chinle (middle sandstone) 
Eml:odo Granite 
Santa Fe Group (Tesuque) 
Santa Fe Group (Temque) 
Espinaso Volcanics 
Granite/ fracture 
Alxl Fm (CC~XJlanerate) 
Magdalena Limestone 
Granite/fracture 
Alxl Fm (siltstone) 
Kelly Ls (jasperoid breccia) 
Alxl Fm ( sil tstane I 
Madera Ls. (fault) 
San Andres Ls/fract.ure 
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In-situ solution mining rray ultimately prove to be successful as a low cost 

extraction rrethod in the San Juan Basin of New Mexico. Table IV-6 shows 

estimated uranium recovery cost ranges for New Mexico. 

The New Mexico Mining Association calculates that during 1979 the average 

cost required to produce a I;X>und of uraniurn concentrate at the mill was 

$29.83. By October 1980, this production cost had escalated to $35.50 per 

pound, an increase of 19 percent over a period of less than one year (New 

M~~ico Mining Association, oral testimony, November 1980). 

1'ahlo' fV-C, (Continuno:l) 

Little navie Socorro ~.2s, R,2E, N!l/4 sec. 35 San 1\.ndres Ls/ fault 
llook Rilnch (,Tara Losa) SO(X)rro T.llil, R.6W, SW/4 Sec. 13 l"laca Fl'n (sandstone) 
.laclq;ot Nn. 1 Scx ... urro ':'.2S, R.lW, W/2 sec. 5 Ma<iera Ls. 
.Teter (Charlie 'io. 2) Socorro ":' .. 1N, R.ZW, NE/4 Sec. 35 Popotosa Fm. 
llnion No. 1 socorro 't'.ls, R.3E, SW/4 sec. Jl AhJ I'm (sandstone) 
rHq Chief No. 4 !locorro ':',43, R.JW, fM/4 Sec, 1 1\ndesite (Tertiary) 
~lack Ccpper ('an)"Jn 'l'aos ':'.29N, R,lSE, sec. 26, uns. Granite qneise 
Ccpper Girl •rorrance '1' .. 4N, R.SE, NW/4 Sec. 29 1\bo Fm (conglcmerate) 
Oot1ble ,Jerry (Vallejo) Valencia 'l'.12N, R.'ll>l, NW/4 sec. 3 Todilto Limestone 
r'hristmas nay Valencia ':'.12N, R,9W, NE/4 Sec, 4 Tcx'lilto I.imestone 
Ren Aluff Claims Valencia "r,l2N, R,9W, N/2 sec. 4 Todi1to r.irrestone 
Black Hawk/Bunney Valencia '!'.12N, R.9W, SE/4 Sec. 4 Todilto Limestone 
Rei Aluff 7-10/Gay P.agle Valencia ':'.12N, R.9W, S/2 Sec. 4 "'odilto I.inestone 
r.ast Glance Valencia ':'.12N, R.9W, i''E/4 sec. R TOdilto Limestone 
Sect lon Nine Valencia 't'.l2N, R. CJW, sec. 9 TOdilto Lirrestone 
Taffy (!kJnanza) Valcn::ia ~.12N, R.9W, SW/4 Sec, 11 M:>=ison Fm (Poison Canyon) 
L£i ,lara Valencia ':'.12N, R.%1, SR/4 Sec. 15 Todil to r, imestone 
~ia Valencia 'l'.12N, R.%1, SW/4 Sec. 15 Todilto T.imestone 
santly (So. r.nqunn rtinesl Valencja ~.9N, R.SW, Sees, 22, 27 1'odilto/E:ntrada 
r'-B (1\nil<;onda) Valencia M.12N, R.9W, Sees. 13, 34 Todilto T.i.Meetone 
-rom ll Valencia 'l'.llN, R.9W, SI04sec. 4 'l'<Ylilto r.irrestone 
T..0l1(" Plf¥' V;,lencia "'.11N, R.9W, NE/4 sec. R Todilto Limestone 
Cedar (YlJCc~rt, F'dlcon) Valencia -.uN, R.9W, SE/4 sec. 20 TOdilto r.imestone 
Ctvwez (Cano.n~~ i tn) Vil1~f"l(:'i.:l T.lON, R.JW, SE/4 Sec. 22 M::>rrison Fm (Recapture) 
;1<.1t>lrChl V::;.1~;·mcio "'.lON, R. 5!1, Sec. 1 M::>rrison F!TI/breccia pip::! 

'l'.UN, R.'5W, sec. 16 M::>rrison Fm/breccia pipe 
San Milt,~o Valencia "'.13N, R.AW, NE/4 Sec. 30 i'brrison Fm (Poison Canyon) 
Crilckpot Valencia 'T'.AN, R. 'iW, NW/4 sec. R Todilto Limestone 
Pais.:~no Pr.t~spect Valen~ia ~.RN, R,6W, NW/4 sec. 16 Todilto I.irrestone 
uoc 1-4 Valencia "'.12N, R,9W, SE/4 Sec. 4 Todilto Limestone 

-~-·-----·---~···-·---~ 

·Ah.~ndnn<>o:l mines oio nor Lncltxle tanporar.ily Line mi:Jes. Refer to Tahle IV-3 for a list of 
currently irlle mines as of 12/01/AO. 
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Table IV-6. Estimated current uranium recovery cost ranges in New Mexico. 
Cost estimates are calculated by applying the u.s. Bureau o.f Lal:or Statistics 
Industrial Commodities Index as a cost escalation factor using 1977 dollars. 
These ranges are only estUn3tes and are not actual costs which may vary greatly 
for individual operators. Specific data for New Mexico are available only for 
underground mining costs. The calculations exclude miscellaneous and other 
royalty costs. (New Mexico Bureau of Geology used J"l)dified 1977 u.s. Department 
of Energy cost data and New Mexico Taxation and Revenue nepart.rrent tax datal. 

Acquisition and Ore Haulage Severance Excise Total average 
0q)loration costs costs taxes taxes taxes 

$/lb 0308 $/ton of ore $/lb u3o8 $/lb 0308 $/lb u3o8 
1. 74-9.78 0.67-3.62 1.09-3.24 0.15-0.38 1.24-3.62 

$/ton of ore 

Capital Operatinq Total 

Underground ').36-25.46 37.52-60.30 42.88-85.76 
mininq costs 

Open-pit 9.38-18.76 6.70-18.76 21.44-28.14 
mining costs 

Conventional 1.34- 5.36 6.70-14.74 8.04-20.10 
milling costs 

l·:d itor's Not(•- i\s this report goes t.o press, production from the Jackpile­
Paguate open pit mine, has ceased; Production from underground operations 
however arc continuing. The Hokum Marquez mine is still uncompleted at 
this time. The Conoco-Wyoming Hi.neral Corporation mine project at Crown­
point· h:1s been hal t<'d due to the depressed uranium market. Gulf Minerals 
is proceeding with underground development and production at Mount Taylor. 
Phil 1 ips Uranium has completed the sinking phase of the two Nose Rock 
shafts and tlw installation of permanent pump stations is now in progress. 
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URANIUM MILLING and REOOVERY OPERATIONS 

'l'his chapter will deal with mmy of the aspects of uranium concentrate 

production in Ne\>11 Mexico, except for environmental concerns which will b3 

covered in Chapter X. 'rhe chapter will discuss roth uranium ore mil ling 

facilities and uranium recove.ry facilities (resin bed ion exchange) for 

uranium contained in liquids. Next the chapter will discuss resource needs 

for milling, including empl~nent, land, water, and enerqy. This section will 

be followed by a presentation of recent legislation which affects the indus­

t.ry. Taxation and revenue to the state fran the indust.ry will then re dis­

cussed. 

CONVENTIONAL MIUJING OF ORES 

'l'echniques 

Because uranium ore contains only small quantities of uranium, it is 

necessary to concentrate the uranium at mills located close to the mines in 

order to avoid large shipping expenses. The ore is hauled from the mines in 

trucks; or in the case of the transport of ore fran the ,Jackpile-Paquate 

canplex, in trains. The ore may l:e stockpiled at the mill until needed or it 

may te unloadErl into the first processing stage of the mill. (New Mexico 

Health and. Envirol1f'OOnt Department) • 

All hJt one of the mills active or planned for New Mexico use an acict 

leach pn:x .. x:!ss. {New- Mexico Health and Environment Depart:Irent). While there 

are sCJ~Te differences in each mill the general procedure is to: 1) qrind the 

ore to separate the material so that the leachate can penetrate rrore easily; 

2) leach the grmmd material with H2so4 usinq an oxidant (usually NaCl03 
although Anaconda uses Mrl)2 } to render the uranium oore soluble; 3) separate 

the sands and slimes (barren) from the uranium containing solution - usually 

sare type of cyclone and counter current iiecantation and. filtering prcx::ess; 4) 

rarove the uranium from the solution by means of solvent extraction; 5) remove 

the uranium fran the organic solvent extraction solution; 6) precipitate the 

uraniUJTl; and 7) wash, d.ry, and package the uranium concentrate-usually 85% or 

rrore npR (New Mexico Health and F.nvirol'liTent Department). 
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The one mill which does not use a sulfuric acid leach uses an alkaline 

lead1 process. The ore in the alkaline leach process is ground (bJ:t much 

finer) and leached (including pressure leaching). The uranium is raroved fran 

the leachate, purified using several process steps, and dried. (New Mexico 

Health and Envirol11Tent Department; Merritt, 1971). 

In roth types of circuits, the waste which consists of the spent chemi­

cals and most of the solids entering the mill, is sent to tailings piles. 

F'iqures V-1 and V-2 indicate typical flow diagrams for uranium mill 

circuits. (U.S. Depa..rtnent of Energy, Grand Junction Office, no aate). 

Trends in Milling 

ores which contain a great deal of limestone must b:! processed using an 

alkaline leach recause of excessive acid use if an acid leach is used. While 

sane New Mexico ore has Todilto Limestone as its host rock, the production in 

the Tod.ilto is decreasinq and this trend is expected to continue. There does 

not appear to re a need for new mills to use an alkaline leach process. (U.S. 

Depart:.n'ent of Energy, Grand Junction Office) • 

Ores kno,.m. as refractory ores have been proouced fran New Mexico mines 

for many years. These ores were either stockpiled or run through the mill in 

small anounts with other less refractory ores. 

In future years the milling of refractory ores may increase if New 

Mexico's reserves are to be recovered. Many of the new areas caning into 

production appear to contain at least sare of these types of ores. The design 

of new mills and the rrodification of old mills, thus, may have to include 

processes to increase recovery fran refractory ores. 

An investigation of the Nose Rock ore by D.W. Rhett in 1979 indicated 

that the ores that are difficult to leach displayed. no consistent differences 

in coffinite ccmposition or host-rock mineralogy canpared to the easily­

leached ore. What was found was that it was the carl:onaceous organic matrix 

which presented the problem with the uranium being contained: 1) in isolated, 

very small (sul:Jnicron) crystals located throughout the organic, or 2) as an 

ultra fine-grained, cryptocrystalline or amorphous catp:>nent in the organic 

matter. The data obtained by Rhett would indicate that dissolution of this 

uranium is diffusion controlled (Rhett, 1979). 

In another study, personnel at the Bureau of Mines studied leaching of 

ore contained in the "Jackpile" sandstone near Laguna, New Mexico. Sample 
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~, igllre V-1. FlCMsheet - Acid Leach Sol vent Fxtraction (U.s. Oe})<'lrtment of 
F.norqy, Grano .Junction Office). 
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Figure v-2. Flowsheet -Alkaline Leach, Caustic Precipitation (u.s. Depart­
rrent of Enerqy, Grand Junction Office). 
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1 contained 0.18 percent u3o8 and 0.26 percent organic carbon, sample 2 con­

tained 0.26 percent u3o8 and 0. 71 percent of organic carl:x:m, and sample 3 

contained 1.08 percent u3o8 and 10.9 percent organic carton. Thus, the richer 

u p 8 samples contained the rrost carron. These samples were subjected to the 

various treatments shown in Table V-I. 

This data would indicate that uranium recovery fran the ore with the 

highest carron content was very p:JOr using conventional leaching techniques at 

ambient temperatures and that only l:::rj roasting was a high recovery (greater 

than 95 t:ercent) obtained (Nichols et al. 1 1979) • 

Roastmg operations rEqUire environmental controls and increase costs, 

therefore, autoclave leaching was also tried. On sample 3, 93 percent u3o8 
extraction was achieved using 35 mesh, 20 percent solids, 3-hour leach, 200°C, 

260 psig (pounds per square inch guage) including steam and 50 psi (JXIunds per 

square inch) oxygen partial pressure and 100 lb/ton H2so4 (Nichols et al., 

1979). 

Since it would re less expensive to treat, using special techniques, only 

that part of the ore that required this special treatment for maximum re­

cCNery 1 the Bureau also tried flotation to concentrate the carb:maceous 

material. A pilot-scale flotation test was conducted at the NE!W' Mexico 

Bluewater mill on the acid-leach tailings stream. The flotation concentrate 

sample res}XInded well to a roast-leach treatment, which extracted 93 percent 

of the uranium. Autoclave treatment of the flotation concentrate removed 90 

percent of the uranium under the optimufrt conditions, with a 95 percent ex­

traction resulting fran a two step leach, that maximized oxidation conditions 

(Nichols et al., 1979). 

In another study to improve extraction of uranium from refractory ores, 

D. A. Milligan (1977) investigated optimum roasting conditions. For ore 

coming fran the cJackpile-Paauate canplex, organic carton content had ooen 

fol.li'ld to equal 1. 9 tl.mas the u3o8 content. Increased uranium losses in leach 

residue were also noted at the higher organic carbon content. In laboratory 

studies, Milligan found that roasting at specified ti.rres and temperatures 

increased extraction from high organic Jackpile-Paguate ores (Milligan, 

1977). Too high temperatures during roasting may, however, decrease recovery. 

Specific salts may oo added so that temperature control is less critical. 

The u.s. Bureau of Mines has also studied a flotation - nitric acid leach 

procedure for increasing recovery. 
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Table V-1. Treatment of "Jackpile" Sandstone Sarrples (Nichols et al., 1979). 

Sarrple 1 - lCM carb::>n 

Process Temp° C 

no roast 23 
no roast 23 
no roast 23 
no roast 23 
no roast 50 
roast 50 
roast 50 

Sample 2 - intermediate carbon 

Process Temp° C 

no roast 23 
no roast 23 
no roast 23 
no roast 23 
no roast 50 
roast 50 
roast 50 

Sample 3 - high carbon 

Process Tanp° C 

no roast 23 
no roast 23 
no roast 23 
no roast 23 
no roast 50 
roast 50 
roast 50 

Access ID No. 04133 

H2so4 
lb/ton 

50 
100 

50 
100 

50 
50 
50 

H2so4 
lb/ton 

50 
100 
so 

100 
50 
50 
1)0 

H2so4 
lb/ton 

50 
100 

50 
100 

50 
50 
50 
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NaC103 
lb/ton 

0 
0 
5 
5 
5 
0 
5 

NaC103 
lb/ton 

0 
0 
5 
5 
5 
0 
5 

NaCl03 
lb/ton 

0 
0 
5 
5 
5 
0 
5 

extraction 
% U308 

82 
87 
92 
94 
91 
97 
97 

extraction 
%ups 

64 
72 
89 
89 
89 
99 
99 

extraction 
% 0308 

43 
51 
79 
79 
87 
98 
99 
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While each ore must be studied individually for maximum u3o8 extraction, 

it would appear that special treatm:mt may be necessary for some NE!W' Mexico 

ores, particularly those ores containing significant amounts of organic ear­

ron. (NE!W' Mexico Health and Environment Departm:mt1 Carnaham and Lei, 1979; 

Nichols et al., 1979; Merritt, 1971; Milligan, 1977~ Rhett, 1979). 

Inactive New Mexico Mills and Tailings Piles 

Table V-2 provides data on the inactive tailings piles located in New 

Mexico. The Bluewater and Milan piles are associated with presently active 

facilities (Dames and Moore, 1977; New Mexico Health and Environment Depart­

rrent). 

The Shiprock ITlill was located on an apprCDCirnately 230-acre-site on the 

south si~ of the San Juan River on the outskirts of Shiprock. The mill was 

constructed and operated from 1954-1963 by Kerr-McC~e Oil Industries, Inc. and 

from 1963-1968 by Vanadium Corp. of America and its successor, Foote Mineral 

Canpany. When Foote Mineral's lease expired in 1973, full control of the site 

reverted to the Navajo Nation, from wham the land had oriqinally been leased. 

During its operation, the mill reportedly processed 1. 5 million tons of ore by 

using an acid-leach process with an average grade of 0.25 percent u3o8 (in­

cluding ore concentrate from MonlJI'Yent Valley) to produce 3, 711 tons of u3o8 in 

concentrate. Vanadium was also produced in 1955, and 1960-1968. The ore was 

trucked an average distance of 100 miles from northeastern Arizona, north­

western New Mexico, and the Uravan Mineral Belt. Several of the original 

b.Iildings are still at the site and are teing used (Sears et al., 1975; 

Douglas et al., 1975; Ford, Bacon, and Davis, March 1977; Han.c; et al. , 1978; 

Haywood et al., 1979; New Mexico Radiation Protection Bureau). 

There are two tailings areas at the Shiprock mill. Gamma. surveys, 

measurements of ambient radon levels and radon diffusion from the piles, and 

analysis of soil samples have all been undertaken. (Sears et al., 1975; 

Douglas et al., 1975; Ford, Bacon, and Davis, March 1977; Hans et al., 1978; 

Haywood et al., 1979). The tailings have been partially stabilized; h~ver, 

the continued emission of radionuclides from these piles and the location of 

the site in Shiprock has resulted in concern 1¥ the Navajos as to the possible 

adverse effects due to the piles (See Chapter X). The Shiprock site will be 

one of the four sites which will receive the first remedial action (J:erhaps as 

early as late 1980), under the uranium Mill Tailings Radiation control Act of 

1978 (UMI'~A). 
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Table V-2. Inactive Tailings Piles in New Mexico (New Mexico Health and Environ-
ment Depart.rrent, Radiation Protection Bureau). 

Area Tons 
Canpany Location Acres Height (Ft) Tailings Status 

Foote Mineral Shiprock 26 14-40 1,700,000 Operated 
46 15 average 1954-1968, 

partly stabilized 

Phillips Ambrosia Lake en 3 to 33 2,684,000 Operated 
1958-1963, 
not stabilized 

Horrestake - Milan 48 N~ 1,21!3,000 Operated 
New Mexico Partners 1958-1962, 

not stabilized 

Anaconda Bluewater 24 NA. 584,184 Operated 
1953-1956, 
partly stabilized 

Anaconda Bluewater 51 NA 180,849 Partly stabilized 

The old Phillips mill (Ambrosia Lake) was located alx>ut 22 miles north 

of Grants in Section 28, T. 14N., R 9W. .The mill was milt in 1957 and was 

q:>erated at a throughput of alx>ut 1, 750 tons _per day until early 1963 by 

Phillips Petroleum Canpany (Sears et al., 1975; Ford, Bacon and Davis, 

December 1977; HaywoOO. et al., 1980). TTnited Nuclear Canpany purchased the 

mill at that tine b.rt only o_perated it until April 1963. UOC (United Nuclear 

Corporation) is presently using the main building for offices and has an ion 

exchange facility locatErl at the site. The ccmpany also uses the area for 

parking equipnent, shops, etc. UOC has indicated that they would like to 

dismantle part of the mill and sell various pieces of the equipment. In order 

to do this, the canpany must have the planned procedure approved by the State 

of New Mexico's Health and Envirorurent Department and will have to follow 

this plan to insure safe levels of radioactivity on equipnent leaving the 

site. Using an alkaline leach, the mill processed 3 million tons of ore 

(average grade 0.23 percent u3o8 ) fran nearby mines. All the wastes 'ft'ere sent 

90 

• 

Access ID No. 04133 US-NAUM0054239 

US-NAUM0054133-001 07 



• 

to the nearby tailings pile. Phillips removed 333,700 tons of sands from the 

tailings for the :~;Urpose of backfill in nearby mines. In addition, UNC rerroved 

59,000 tons of sands, which VJere also used as mine backfill. (Ford, Bacon and 

Davis, December 1977). 

Studies have baen rrade of radon flux from the pile, radium concentrations 

in soils, and gamma. levels around and on the pile. Despite the fact that the 

toxic substances in this pile have baen shown to ba rrnving into the surround­

ing environment, remedial action at this site will probably be delayed until 

remL~ial action on tailings in less remote areas is completed. Reclamation of 

the pile could begin as early as 1982. Remedial action for abandoned tailinqs 

piles is under the control of DOE (U.S. Department of Energy) and is being 

conducted in coor:eration with New Mexico. The DOE is planning to conduct 

experiments for possible reclamation scherres on this tailings pile. 'T'he 

rerroteness of the site makes it attractive for these exper:i.rrents. Under the 

Mill Tailings Radiation Control Act of 1979, New ~ico will have to pay 10 

r:ercent of the cost of rem;rlial action on the Phillips pile. Gerald Stewart 

of EID (New Mexico Environmental Improvement Division) has estimated that 

costs could run between 3-30 million. 

The Hc:rrestake-New M:!xico Partners mill began operation as an alkaline­

leach (caroonate) mill in early 1958 and operated with a throughput of abJut 

750 tons per day until April 1962. In 1961, the property had baen aa;ruired by 

the operators of the adjacent Haoostake-Sapin Partners mill. Most of the 

mill's wildings are still standing at the present time and UN-HP (Uniteo 

Nuclear-Harestake Partners) uses sare of the equipnent as part of their 

present mill. 't'he tailings pile fran the Hanestake-New Mexico Partners opera­

tion is located near the present active UN-HP tailings area (Merritt, 1971; 

Perkins, 1979). 

The Anaconda inactive tailings piles were generated during early opera­

tion of this mill (Dames and Moore, 1977). 

Neither the Hanestake-New Mexico Partners mill nor the inactive Anaconda 

tailings piles have been accepted as tailings piles eligible for the Federal 

government to pay 90 percent of the rehabilitation costs • 

Licensed New Mexico Mills 

Excluding the Phillip's mill there are six licensed uranium mill facili­

ties in New Mexico; all b.lt one of these is actively processi119 ore. Data on 

these is given in Table V-3. Data on the active tailings piles associated 

with the active mills is given in Table V-4. Each mill circuit will not he 
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discussed in detail since this infonnation is available in the references 

listed at the end of this publication (Merritt, 1971: Mining Engineerinq, 

p.28-30, 34-36, 1974; Kerr-McC~e Corporation, no date: Sohio, Reserve Oil and 

Minerals, no date; United Nuclear-Het'!Estake Partners, no date). 

The Anaconda Bluewater mill,. Section 24, T. 12N., R llW., was the first 

mill (X)nstructe<'l in New Mexico that is still in active operation. The Blue­

water mill was first milt with an alkaline circuit, which was used fran 

1953-1956. As ore fran the "Jackpile" sandstone mined at Anaconda's Jackpile­

Paguate complex began to come into the mill, a more efficient acid circuit was 

constructed. Constant modifications to the mill have been made through the 

years (Merritt, 1971; DairEs and l\1oore, 1977; New Mexico Health and Environ­

rrent Depart:rrent ) • 

several years ago, an autogenous grinding facility was installed, and the 

resin-in-pulp section was replaced l:y a solvent-extraction section. A new 

leach section has just been completerl. This section has equipment to remove 

acid vapors and radon fran the area, will be rrore reliable, and should have 

reduced maintenance requir~nts. Ry February 1981, a new precipitation, 

drying, and packaging section should re canpleted. This section will ha"Ve a 

design capacity of 25,000 lhs per day of o3o8 output. Thus, by mid-1981, 

Anaconda will ha"Ve replaced all of the sections of the mill and will have in 

effect, a "new mill... (New Mexi(X) Health and Enviro:t1100nt Department, Radiation 

Protection Bureau). 

This mill is license<'~ for less than the capacity for which it was design­

ed. In addition to the 25,000 lbs per day "hackend" capacity, the "front-end" 

of the mill can handle, 'Nhile in operation, up to 9000 tons per day of ore. 

The ore fran the Jackpile-Paguate canplex at Laguna is brought to the 

mill by unit train. This is the only ore presently milled by Anaconda. 

Durinq the first 5 rronths of 1979, Anaconda ran an average of 5, 280 tons of 

ore per day with an average production of 10,000 lbs per day o3o8• Beginning 

in mid-1979 Anaconda · increased throughput somewhat. Present ore grade is 

running approximately 0.09 percent. TJnless sare ore is toll milled the grade 

is expecterl to continue to re less than 0.1 perc..ent for the next few years as 

the remaining stockpiles and low grade ore fran the Jackpile-Paguate complex 

is milled and production continues fran the underground facilities in the 

canplex. Final milling of the ore fran the Jackpile-Paguate will probably 

occur several years fran now. (Anaconda Canpany, personal canmunication, ,Tune 

1980). 
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Table V-3. Licensed Uranium Mill Facilities in New Mexico as of July 1, 1980 
(New Mexico Health and Environrrent Depa.rbrent, Radiation Protection Bureau). 

Present 
Licensed capacity 

Canpany Location tons/day 

Sohio Oil Seboyeta 1,660 
Reserve Oil & 
Minerals 

Kerr-McGee Ambrosia Lake 7,000 
Nuclear Corp. 

Anaoonda Bluewater 6,000 

United Nuclear Church Rock 4,000 

United Nuclear - Milan 3,500 
Hamestake Partners 

Bokurn MaJ:quez 2,200 
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Start U.E 

1976 

1958 

1953 

1977 

1958 

? 

~ By-Products 

acid none 

acid Mo 

originally 
alkaline 
now acid none 

acid none 

alkaline v 

acid none 
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Table V-4. New r.Exico Mill Tailings Piles and Decant Ponds (New Mexico Health and Envirol'lrent Department}. 

TAILIN38 TAILINGS 
TONS 'IOI'AL LIQUID MAXIMUM TOTAL 

EFFEcriVE TAILINCE SURFACE Sfffi.FACE HEIGn' NTTMBER OF SURFACE DECANT 
OPEAA'IOR LCCATLON DATE (millions) (acres) (acres) (feet) DECANT FQNDS PONDS ACRES 

Sohio Sel:x:>yeta 4/30/80 1.758 130 75 50 0 0 

Anaconda Bluewater 4/1/80 18.850 266 30 60 4 221 

Kerr-McGee Ambrosia Lake 1/1/80 27.100 250 40 100 21 350 

\0 

""" 1501 UN-HP Milan 4/1/80 18.535 50 85 0 0 

UNC2 Church Rock 4/23/80 2.400 200 27.5 NA 2 13.43 

1 at base of pile 

2 conditions are changing due to interim operations and nay change further when a permanent tailings area is constructe 

3 changes have teen required as a result of a tailings spill July 16, 1979 
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As proouction fran the Jackpile-Paguate canplex declines and then stops, 

the future source of ore for the mill ret"'ains unknown. 

A recent developnent at Anaconda in waste management has ooen the con­

struction of decant IXJnds for excess tailings liquor. These ponds are exten­

sive (Table V-4) and have all teen lined with suitable liners. Engineers at 

Anaconda are looking at the possibility of takinq the partially evaJX>rated 

liquor fran the decant JX>nds (approximately 1000 gallons per minute); running 

this liquor through a uranium extraction circuit (probably scrre type of sol­

vent extraction)~ aCI.justing pH to precipitate solids, perhaps using reverse 

osmosis~ and then recycling the liquid back into the mill circuit. This 

process v.ould minimize the cost and need for new decant ponds~ reduce the 

chance of: 1) an accident releasing oecant, or 2) seepage fran the ponds; ann 

reduce the pumping costs for the well water which new supplies the mill. 

Engineers are also looking at pr<Xesses to increase recovery of uranium 

fran the ore. For example, the Bureau of Mines study was rrentioned in an 

earlier section. 

Including the Jackpile-Paguate mine complex, approximately 1200 persons 

were ernployal at the Anaconda mine-mill facilities as of June 1980 (Anaconda 

Canpany, personal cx:mnunication, ,June 1980). 

Another acid-circuit mill which has teen in operation for a n~r of 

years is Kerr-Ma:;ee' s mill in Section 31 T. 14N., R. 9W. at Ambrosia TJake. 

The mill was constructed in 1958 at a cost of $18 million dollars to serve the 

mines which Kerr-McGee had under developnent (Kerr-McGee Corporation, no 

date). At the present time the Kerr-McC',ee Ambrosia Lake mill processes ap­

proximately 6,500 tons per day except for a 3~ maintenance period in the 

s1.li'!II"''er. Ore ccrres fran Kerr-McGee's mines. In addition, production fran 

Mariano Lake, the Ruby Mines, Johnny M., Cobb's mines, and sane fran Sand­

stone, Anne Lee, and Section 27 is toll milled. Mill grade has historically 

run approximately 0.2 percent u3o8• The yellcwcake is shipped to Kerr-McGee's 

UF 6 refine.ry antJ also to Allied Chemical l::!f truck in 55-gallon barrels. 

Including two surface mines in Wyoming, during 1979, Kerr-McGee Nuclear pro­

duced 5.1 million lbs of u3o8 and 5.3 million lbs of u3o8 during 1978. Kerr­

McGee has indicated that 1980 production is expected to exceed the 1978 output 

(Mining Engineering, 1974; Kerr-McGee, no date; Kerr-McGee, 1979). 

Detailed data on the Kerr-McGee mill circuit can oo obtained fran mill 

license and discharge permit applications to the New Mexico Health and En­

virorurent nepartment, Merritt (1971), Mining Engineering (1974) and Kerr-
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McGee. Kerr~e has recently added additional units to the washing circuit. 

MJre ores of the type requiring (for maximum recovery) lonqer grinding tines, 

and increased temperatures and retention tines in the leach circuit are l::eing 

processed by the mill. Sands, separated fran the waste lllCiterial dischartJe:l by 

the mill, are sent to Sections 35 and 36 and to the Johnny M. Mine for use in 

lxtckfill. Kerr-McC',ee is continuing to build new decant ponds for the tailing 

liquor. It was found that for lining the ponds CPE ~rks better than PVC and 

the new JX)nds are l::einq lined with this lllCiterial. Study of c:hemical re­

actions, rate of evaporation of decant liquor, and treatment and reuse of 

decant liquor is l::eing undertaken. It appears that the rate of evap::>ration of 

the decant liquor remains the same regardless of heM" long the liquor has teen 

in the JX)nd. Many of the soluble salts are precipitating out. 

Kerr-Md"':.ee has installed a scrubber on the yellowcake dryer off-gases and 

a ba.ghouse on the packaging area off-gases. These collectors should con­

siderably reduce yellowcake emissions to the ambient atmosphere. 

Kerr-Md3ee engineers are looking at ways to improve the mill circuit. 

For example, the use of hydrogen peroxide in the precipitation section is 

l::eing studied. 

Water for the mill comes from the ion exchange facility located at the 

mill site, which receives mine water fran the Section 17, 19, 22, 24, 30, 13, 

and 3 OW' mines. 

Total employment at the mill is appraxilllCitely 205. 

A. relatively new- acid-circuit mill which began operation in 1976 is 

Sohio-Reserve Oil and Mineral's mill located near Seboyeta. The mill was con­

structed to process ore mined from the nearby JJ No.l Mine. Ore frCJTl the 

other two projected Sohio-Reserve mines to be developed in the area will also 

l::e milled. In addition, the mill has tolled ore from other nearby mines, the 

St. Anthony and Jackpile-Paguate canplexes (Woodward-clyde, 1980). 'l'he 

average grade processed so far by the mill has been 0.124 percent u3o8 with 

ore grades ranging from 0.06-0.21 percent. New units in the washing circuit 

were recently installed to improve uranium recovery. Present recovery is 

approxilllCitely 85-88 percent on a 0.1 percent u3o8 ore (Sohio, personal can­

munication, June 1980). Besides the SlllCill anount of water {atx:mt 100 gprn) 

coming from the JJ No.1, the mill obtains its process water from wells 

canpleted into the ",Jackpile" and Westwater. Total water needs are 500-550 

gpn. (gallons per minute) The mine-mill presently employs arout 380 persons. 
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This employment is projected to increase to 545 in 1982 and 1983 and decline 

to 480 in 1985 (Sohio, personal carmunication, June 1980). 

I'.JN: 's mill at Church Rock was built as an acid-leach mill to process the 

ore fran UNC' s large Northeast Church Rock mine. In addition, ore fran UNC' s 

Old Church Rock mine and Kerr-Md3ee's large Church Rock No.1 mine is also 

millerl (New Mexico Health and Environrrent Departrrent: United Nuclear Corpora­

tion, personal communication, June 1980). 

The mill began operation in 1977 and throughput was gradually increased 

to 4,000 tons per day (New Mexico Radiation Protection Bureau). On July 16, 

1979 a breadl occurred in the earthen tailings dam. The canpany estirrlates 

that 100 million gallons of process liquid, which contained dissolved radio­

active and heavy rretal contaminants and 1,100 tons of solids ~re discharged 

into the nearby Rio Puerco (Puerco of the West). Radioactive contamination 

of the bmks of the stream have been followed to the Arizona rorder. A 

massive monitoring and clean-up program was initiated with extensive monitor­

in;; still continuing. The more seriously contaminated areas have reen scraped 

and the material placed on the UNC controlled tailings pile. A comprehensive 

report should be available from the State of New Mexico Radiation Protection 

Bureau of the Environmental Improvement Division within the next year detail­

in;; the ve:cy expensive and time-consumin;; monitoring and clean-up activities. 

The spill has so far cost the State of New Mexico between $350,000 - $500,000 

for staff time, travel, m::mitorinq, and tests. 

After the dam break:, the mill was shut down until October 27, 1979. At 

that time, limited milling began. The tailings ~re placed a distance up fraTl 

the breached area, and decant was placed in two decant ponds. The mill was 

ordererl closed by EID (New Mexico Envirorurental Improverrent Division) for 5 

days in November. During May-July 1980, the mill was working on a 10-day-on/ 

4-day-off cycle and intends to run this type of cycle for the rest of the 

year. Throughput during days of operation is al:out 2, 500 tons per day. 'I'his 

limitoo operation is necessa:cy to prevent tailings liquor from rising ab:Jve 

the level set by EID in the decant ]?Onds. At the present time illC and the 

State of New Mexico are studying seepage rates and liquid rrovement frcll1 the 

decant ponds and seepage recovery techniques. The starter dam breach has been 

repaired. (Nuclear Fuel, August 1976, May 1980; Alhlquergue Journal, July 

1980). Tailings are being cyclonerl to provide sand backfill at U~' s Church 

Rock Mine. 
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The State has asked UNC to work on alternative waste management schemes 

involving new tailings disposal sites. In January 1980, Ul\1:: sub'rri.tterl a list 

of alternative sites, and further study of these sites is being undertaken. 

Makeup water for the mill comes fran the U~ Northeast Church Rock mine. 

During 1980, approximately 600-800 gpn of decant water fran the decant ponds 

was reing treated with line and amrronia to raise pH to slightly a.l::x:>ve 4 and 

the precipitates were l:eing rerroved in a 00:> circuit. The treated water was 

then reing use:l in the milling circuit. This procedure was reporte:l to re 
working WE!ll (United Nuclear Corp:>ration, personal camn.mication, llune 1980) • 

In February 1980, UNC Resources Inc. announced the sale of 3.16 million 

lbs u3o8 to Korea Electric Co. for delivery in 1980-1982 (Wall Street Journal, 

February 1980). 

A cut-back of 20 percent in production was announced by UOC in April 1980 

to 2. 8 million lbs of production fran 3. 5 million lbs in the last fiscal year 

(Nuclear Fuel, March 1980). 

The only alkaline (carbonate) mill now in active operation is the UN-HP 

(United Nuclear-Homestake Partners) mill near Milan. This mill is the former 

Hanestake-Sapin Partners mill (Merritt, 1971; Mining Engine ering, 1974). 

Throughput at this mill has reen running a.l:x:>ut 3 I 000 tons per day. It is the 

only mill which can handle the limestone ores of the Hope, Haystack, and 

Piedra Triste mines. In addition, ore fran UN-HP mines in the Ambrosia Lake 

area is also processed at this mill. Some ore fran UN:' s Ambrosia Lake mines 

has also reen run. No major changes have recently been made in the circuit. 

Roasting has not l:een done prior to leaching for a number of years. While it 

is possible to use the dryer, this has not reen used for al:x:.>ut a year. Two­

stage leaching is still in use and the filters have l:een rebuilt. The 

company's engineering section is presently studying the possibility of using 

peroxide in the precipitation section. The ion exchange facility installation 

at the mill will be discusse:l later in this chapter. 

Mining of limestone host-rock ores is expected to decline rapidly in the 

next few years. In addition active UN-HP mines in the Ambrosia Lake area 

probably have a lifetime at the rrost of a.l:x:>ut 10 years. The mill thus may 

soon have some excess capacity. 

The rrost recently licensed New Mexico mill is the Bokurn mill at Ma.Iquez 

in Section 32 and 33, T. 13N., R. 4W. This mill was designe:l as an acid­

circuit mill. Construction of the mill is alrrost ccmplete; h~ver, progress 
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has been delayed in recent rronths. Additional funding needed to finish the 

mine-mill canplex is estimated at be $20-40 million (Nuclear Fuel, May 1980, 

July 1980; Bokum Resources, personal ccmnunication, July 1980). The tailings 

disposal area is in a basin several hundred feet belc.M the mill itself (which 

is located on a resa). Subsurface dis_posal of tailings with decant of liquor 

fran tailing drainage to evaporation IXmds is planned. 

It was thought that ore fran the Bakum mine at Marquez would provide part 

of the mill feed and that toll contracts would provide the rest. While the 

Bakum mine now under development has production targeted at 1,500-2,000 tons 

.{:ler day \\hen in full production fran three shafts, extensive delays in the 

main shaft sinking operation have prevented the completion of this shaft and 

no toll oontracts have reen signed. There are no nearby mines nc.M in produc­

tion which do not already have milling facilities; however, there are two 

mines on standby status. 

The ore fran ·the Bokum Marquez properties is projected to l:e fairly easy 

to mill in a two stage leaching circuit. It is not believed that nolyl::denum 

or organics will pose problems. The mill was designed for an approximate 96 

.{:lercent recovery on a average 0.12 percent u3o8 ore. 

A maximum of 400 persons were employed during mill construction. Pennanent 

employm:mt for the operating mill operates has been projected at 45. 

Mills Announced For Construction 

There are presently three publicly announced construction projects of new 

mills. Data on these projects is given in Table V-5. 

Table V-5. Mills For \ihich Construction Has Been Publically Announced (New Mexico 
Health and Envirorurent Departm:mt, Envirorurental Improverrent Division). 

Canpany 

Gulf 

Phillips 

WM:-conoco 

* 

Location 

San r-1ateo 

Nose Rock 

Prewitt(*) 

Requested License 
capacity (Tons per day) 

4,200 

2750 
(may double later) 

1,000 - 1,500 

other sites l:eing investigated 
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Gulf has proposed construction of a mill near San Ma.teo in Section 1, 

·r. 13N., R. aw. estimated to cost $80 million. This mill would process the 

ore fran the nearby Gulf f.Dunt Taylor mine. A mill with a final initial input 

capacity of 4,200 tons per day and output capacity of 25,000 lbs per day o3o8 
is proposed. For the initial three years of operation the mill throughput 

Y.QUld re 2,000 tons per day. Average ore grade is expected to re 0.3 percent 

0 3o8 (New ~ico Health and Environment Depa.rttrent) • 

The ore is sanewhat refractory and the molyl:x'fenurn ratio is ~cted to be 

approximately 15:1. Thus, molyl::rlenum will J:e recovered and the present design 

of the mill circuit indicates fairly intensive ore treabrent; h~ver, no 

roasting or pressure leach circuit is presently included in the mill design. 

While initial design of the mill is canplete, final details are awaiting 

completion. Jacob Engineering has been asked by Gulf to do no further mill 

design work at this tirre (New Mexico Radiation Protection Bureau). 

The proposed tailings site is in Sections 10,11,14 and 15, T. 14N., 

R. sw. The present plan is to dig 50-ft-deep trenches, 75-ft wide at the 

bottan, 125-ft wide at top, and one-half mile long. The tailings would re 
transp:>rta:l by a pipeline carrying 20-40 percent solids by -weight. The liquid 

draining in the trench would re decanted to a slimes settling pond and then 

sent to a 200-acre evap::>ration pond. The operatinq equipm:mt VK>uld place 

material fran digging the new trench onto the clay cover of the old trench, 

which would J:e filled within 5-ft of the top with tailings. Gulf has also 

indicated that about 50 percent of the tailings (sands) may go back to the 

mine for mckfill. This would require a review and license arrendr'tent by F.In 

(New Mexico Radiation Protection Bureau). 

Another proposed mill project (Section 12, T. 19N., R. 12W.) to serve the 

Nose Rock mine under developnent is the Phillips Nose Rock mill. The license 

application is for a mill capacity of 2, 750 tons per day. Ore grade has been 

indicated as averaging 0.14 percent o3o8• For this grade, mill efficiency is 

estimated at 96-98 percent. Retention time has been initially designed for 20 

hours at a temperature of BOOC. Since fines are nnre refractocy, they may 

receive additional treat.rrent. Molyl::rlenurn will re recovered as a by-product 

(New Mexico Health and Environment Department). By Nove.rrtrer 1980, the mill 

design was about 85 percent canplete and the final design work had been placed 

on "hold" (Phillips uranium Corporation, personal ccmnunication, November 

1980). 
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The original tailings disp:>sal plan was to separate sands and liquid/ 

slirres, placing the sands in cells to finally cover 250 acres, and placing the 

liquid/slimes in a 220-acre p:>nd with a capacity for holding a 20-year produc­

tion of slimes (New Mexico Health and Environment Department). 

At the present time the Radiation Protection Bureau of EID has requested 

that Phillips look at several sites and evaluate these for the best site and 

to study alternative tailings disposal ITEthods. Phillips has control of 

approximately 60, 000 acres in the Nose Hock area and has indicated that a 

multiple mine system with a canbined lifetime of at least 20 years will be 

developed to provide ore feed to the mill (New Mexico Natural Resources 

Department, 1979) • 

Conoco Inc., in conjunction with Wyoming Mineral Corp. (Westinghouse), 

has announcerl a proposerl mill to l::e built for processing the WM:-conoco 

Mineral Crownpoint mine production. The announced design throughput is 

1,000 - 1,500 tons fer day. The mill will l::e processing an average grade ore 

of 0.15 percent u3o8 over a projected lifetime of 17 years (Wall Street 

Journal, August 1979; Nuclear Fuel, Septanl::er 1979). While the design of the 

mill is preliminary, an acid-leach circuit is planned. As far as is kno.m, 

the ore will re lo.v in mlyl::denum, vanadium, and organics and will J:OSe no 

special milling problems. A definite site has not yet l:een purchased, though 

a site near Prewitt appears to be the roost favorable. Conoco is t.rying to buy 

water rights in the area. 

The mill will employ approximately 75 people. Water demand, once the 

mill is in operation will he about 70 - 100 gpm to process 1,000 tons per day, 

since it is anticipated that process water will l::e treated and recycled. 

Ore production fran the Crownpoint mine is scheduled to begin in late 

1982; due to the t:i.Jre lag for mill construction (site aoguisition, pre­

operational m:mitoring, discharge permit and mill license approval, construc­

tion, etc.), it is possible that ore will either have to l::e stored at the mine 

for some time or the mine's production will have to be tolled. 

Wyoming Mineral's financing of the project allows them to receive all 

yellowcake production until the initial investrrent is recovered; then, Conoco 

and Wyoming Mineral will share production costs and uranium production on a 

50-50 basis (Wall Street Journal, August 1979; ~uclear Fuel, September 1979). 
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Possible Mills 

The Grand Junction Office of DOE (United States De:part:rnent of Energy) has 

a confidential data rese of ore reserves and locations in New Mexico. Using 

this data, ,John Klemenic (1979) of the Grand Junction staff has indicated that 

there are ore reserves available in the state to support additional mills at 

Cra-mpoint and the Rio Puerco of the East. In addition to these two mills, 
" 

Klerlenic indicates that "probable" potential resources, which if they indeed 

develop into reserves, could supply ore for additional mills at Ambrosia Lake, 

East Chaco Canyon, Mt. Taylor, and Shiprock (Klemenic, 1979). 

u
3
o

8 
.R.E())VERY ~RESIN BED ICN EXrnANGE TECHNIQUE 

For uraniun recovery fran liquids, a suitable resin bed can l:e used to 

rerrove the uranium fran the liquid. By chemical addition the uranium can then 

l:E rerroved fran the resin. The uraniun containing liquid originates in sever­

al ways and these wll re discussed in the foll<Ming sections. Data on IX 

facilities is given in Table V-6. 

Mine Water Recirculation and Mine Water Inflow 

Extensive use is l::eing made of mine water recirculation to recover 

uranium fran l<M grade ores left l::ehind during conventional ore recovery in 

underground mines. Holes (usually approxima.tely 2 inches inside dia.JTeter) 

are drilled fran the surface of the ground dC!VIn to the top of the ore tx::>dy 

or collapsed zone. These holes are usually spaced alx.>ut 50 ft apart. Special 

spray nozzles are installed in the oottan of the hole and recirculated mine 

water is carried down the hole and sprayed onto the 1011 grade material in 

approximately a 25-ft-diarreter circle. Air is also carried dC!VIn the hole. 

Natural air circulation in the mine and the air from the surface holes oxidize 

the previously insuluble uranium so that the uranium can l::e dissolved in the 

slightly alkaline mine water as uranyltricarl:x::lnate. When the uranium content 

of the mine water decreases, spraying may be discontinued for a time to allow 

for further oxidation of uranium to occur. In the mines of one operator, 

rainbirds which are placed on the floor of the ITlined out areas are also used 

to spray the rubble and waste piles (Perkins, 1979; New Mexico, Water Pol­

lution Control Bureau). 

The pregnant solution fl<Ming from the low-grade material is collected 

in sumps in the mine and is pumped to the surface into settling-holding ponds. 

Fran there the water can either l:e recirculated for further wilding up of 
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~ntl. 

UN- HP 

<~ul f 

Kerr-r-t....'"'Gee 

u~ 

M<"lbtl +++++ 

Mobil++ 

!'rnbr<:eia Lake 

l'rnbros ia Lake 

smith I.ake 

!'rnbr0t1la Lake 
(located at mill) 

Ambrosia. Lake 

Mt:, Taylor 

Church Rock 

Cro.mp:) int 
(South Trend) 

Crownp:llnt 
(NOrth Treni) 

Kerr~++ Church Rock 

UN-HP 

F:xx:on ++ 

Location 

Milan at 
mill site 

Bitn 
(.~an 1\ntonio Valley) 

Ambrosia Lake 

1\nn I.ee 
Sandstone 
Sec 27 
mines 

sec 32 

sec 23 
Sec 2~ 
sec 1'3 
Mines 

Mariam T.ake 
mine 

Sec 22 
Sec 33 
Sec 17 
Sec 30 
Sec 24 
.'lee 3CM 

sec 19 

S..; 35 
mine 

Mt:. Taylor 
mine 

Olil Church 
Rod< f'line 

In-situ leach 

In-situ leach 

Omrch Rock 
mine 
SOurce 

tail i ngs decant 
water 

In-situ 

!leap leach 

Mohi 1 +++ Monument .Site Tn-H i tu leuch 
(F.ast Cra.mpoint) 

North Nose Pock In-situ lead\ 

Section 13 
Old Church Rock Area 

constructed l::ut oot presently in operation 
++ proposed 
+++ proposed - wells in plaoe 
++++ finished test, rvt. now in op!ration 

m.ioo 
water flow 

nost is water 
recirculation 
SOI'E inflow 

mine wa~r 
inflaw (plans for 
:racircu lation) 
inflow & recirculation 
inflow & recirculation 

m.i.ne water inflow 

~ater 
inflow & recircu latioo 

infl0oo1 (plans for 
recirculation) 
inflO< 

~ater 

inflow 

Minewater 
inflCM 

Minewater 
inflow at av. 
225 gpm wrer/ 
storage in p:>:uls 
until run through IX 

recirculation 
chemical addition 

water in:lcw 

decant 

recirculation 
chmdcal ad<'lition 

recirculation 

recirculation 
chemical addition 

aquifer restoration test 
chmdcal flrldition 

push-pull test for 
in-situ feasibility 

1,200 

500-600 

1, 700-1,900 IX 
1,100-1,200 
recirculated 
back to mines 

200 - 230 

2,500 

1,500 -
1,600 

4,000 

6oo aoo 
(only 4-5 
days per wk 

N/A 

3,800 

GPM 

1, 700 

+++++ pilot plant to !::Jeqin aquifer restoration aoon. Full scale plant. proposed 
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uranium, or it can l::e piped to the central IX (ion exchange) facility. After 

removal of the uranium in the ion exchange, the barren water can either l::e 

discharged after suitable treatment, recirculated, used as drill water, etc. 

in the mine, or sent to a mill for use as mill process water 

(New Mexico Health and Envirorurent Department; Perkins, 1979). 

Natural water inflON into the mines also contains uranium in solution and 

is treated similarly to the water recirculated (if it contains sufficient 

uranium to warrant recovery). 

These ion exchange facilities use various chemicals for stripping the 

loaded resin. A description of the UN-HP mine IY and treatment of the preg­

nant liquor published several years ago by R. c. Merritt ( 1979) is included 

l::elON to indicate hON this particular operation "INOrks. Canpany personnel 

indicate that this is still the procedure used. 

''Water pumped out of the United Nuclear-Homestake Partners 
mines in the Ambrosia Lake area is treated to recover dissolved 
uranium by resin ion exchange in fixed l::ed columns located near 
the mine sites. Pregnant eluate solution from the operation is 
transp::>rted by truck 16 miles to the mill for final treatment. 

Four 16-foot diarreter by 8-foot high extraction columns each 
containing 480 cubic feet of quaternary amine-type resin are used 
in a series-parallel arrangenent. Approximately 1, 700 gallons 
per minute of mine water is passed upflCM through the columns for 
an average cycle t~ of 8 days. Effluent water contains less 
than 1. 0 ppn U 3o8 which represents an extraction of atcut 96 
percent. Portions of this effluent water are pumped back to 
augment the underground leaching operations. Averaae resin 
loading is 4 JX)unds of u3oR per cubic foot. 

Elution is acccmplished with four l::ed volunes of recycle eluate 
follCJWE'!('l by four l::ed volumes of eluant containing 90 grams of 
NaC1 and 4 grams of NaHCO":t per liter. Utilizing the split e­
lution teclmigue, the eluarrt, after passing through the columns, 
is saved as recycle eluate for the next elution cycle. Recycle 
eluate, after a second passage through the columns, is recovered 
as pr~nant eluate and contains l::etween 12 and 16 grams of n3o8 J:er ll. ter. 

Precipitation of a uranium product from the eluate is accam­
plishe:'l independently of the 111ain mill circuit by heatinq to 
190°F, acidifying to a pH of 3.0 with HCl to decompose the car­
J:xmate, and then adding Na0H to pH 7.0 to precipitate the yellCM 
cake. This slurry is filtered on presses and the cake then 
transp::>rted in drums to the main plant whet:e it is fed into the 
yellCM cake thickener follONing the caustic precipitation stage. 
Approximately 13,000 p::>rmds of up8 are recovered." 
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Kerr-MC(',ee recently famed a leaching section in order that rrore attention 

coul<i re given to mine-water recirculation. The 1979 annual rep::>rt states, "J\ 

preXJram to increase recovery of uranium by underground leaching resulteil in 

several leach areas coming on stream in New Mexico in 1979, with production 

reaching al::out 59,000 {Xlunds of up8, up from 33,000 pounds in 1978" (Kerr­

McGee Corporation, 1979). 

As is shCliNn in Table V-6, Kerr-MC('..ee has announced plans to install an 

ion exchange facility at their Church Rock mine. The uranium content of the 

mine water entering the plant is expected to l::E e:JUal to or greater than 2 

mg/1 and the discharge is expected to contain approximately 0.1 mq/1. Ap­

proximately seven elutions ~r IIDnth will re required. The pregnant solution 

fran the elution operation is expected to contain 10-20 g/1 of uraniUM, and 

alxmt once a week a shiprent of this solution will re sent in a 5000 gallon 

capacity tanker to Kerr-MC('..ee's mill. Uranium production fran this mine 

water/IX is expected to 1-:€ al::out 33,4000 pounds of uranit1m per year (New 

Mexico Health and Environment Oepartment). 

Tailings Decant Water 

In addition to the mine-water recira1lation met~od, uranium can also be 

recoveroo fran the uranium contained in tailings decant liquor (Table V-6). 

UN-HP has used this technique for several years on the decant fran their 

tailings at their Milan mill. The facility is located in the old Hanestake­

New Mexico Partners mill. As indicated in the discussion from Merritt in the 

previous section, the pregnant solution has the uranium precipitated fran it 

at the IX facility. rrn-HP has recently installed a 16-ft, five stage NIMCIX 

ion exchange column. In this type of column, the reads IIDve on trays and are 

systematically rroved in the loading column over to the stripping column. This 

colurm is m:mo:~ efficient and should lC>~Ner operating costs (New Mexico Health 

and F.nvirorunent nepartment). 

As indicated previously, Anaconda is also considering removal of uranium 

fran tailings decant; however, they may use an organic rather than a read type 

ion exchang0. 

Heap Leach 

Use of heap leach is another ITEthod of recovering uranium fran low-grarlt~ 

materials. A suitable pan is usually placed on the ground, and drain tiles, 
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or similar liquid channels, are installed. The rraterial to be leached is 

piled on tcp and retention basins may t::e contoured at the top. The liquid is 

placed on the top of the pile, and as it roves dCMI'lwards, it solubilizes the 

oxidized uranium. The pregnant solution draining fran the pile can then l:e 

piped to a nearby ion exchange plant for u3o8 recovery. The barren solution 

fran the IX can then l::e again placed at the top of the heap pile. 

Presently UNC has constructed a heap leach facility in Section 27, T. 

14N., R. 9W. The pile is alxmt 10-16 ft high on top of a plastic pad with a 

gravel drain placed on tcp of the pad. The rraterial runs al:out 0.02 percent 

u3o8• A tap off of one of the mine water pipes allows for mine water to he 

discharge(! onto the top of the pile. After the drainage water (approximately 

1 gpm) is caught in a sump, it is pumped to the £.J1'.l; IX at the Old Phillips 

£1ill for recovery of uranium fran the liquid. After using mine water, chani­

ca! addition to the leachate or use of bacteria colonies may be investiqated. 

There are several, abandoned heap-leach projects in the Ambrosia Lake 

area. It is reported that Haoostake operated a test pile in Section 2~ in 

al:out 1966. It was found that the liquid moved very slo.dy through the 

material, and the project was discontinued. It is believed that only T'line 

water was used; however, it is possible that chemical addition was used for a 

short period of tirre. 

Kerr-McGee also tried heap leach of low~rade material at a location at 

the north edge of the mill tailings pile. Mine water was userl as the leach­

ate. This project probably took place sanetirre in 1970-1971, but it is re­

ported that excessive channeling occurroo and the project ceasoo operation. 

The piles are still present sticking out of a present decant pond. 

It has been reported that UN:::: had a heap leach in Section 27 (United 

Nuclear Corp. , personal canmunication, ,June 1980). 

The author has also spotted an abandoned heap leach just in front of the 

old San Mateo mine in Section 30, T. 13N. R. sw. This operation was probably 

constructed by Ul'C or El Paso Natural C'ms (who operated the San Mateo Mine 

before UN:). 

Grace Nuclear also had a small heap leach in Section 13, T. lN., R. nw. 
The ore of the Baca host rock was piled a1:out 6 ft high on tcp of a concrete 

pad approximately 20 ft-by-10 ft. Ammonium bicarbonate was added to increase 

pH of the leach water. It is not known heM long this facility operated or if 

any uranium was ever recovered. The concrete pad and ore pile on the pad are 

still at the site (New Mexico Health and Environrrent Depart.rrent; new Mexico 

Water Pollution Control Bureau). 
106 

Access ID No. 04133 US-NAUM0054255 

US-NAUM0054133-00 123 



IN-SITU PROJECTS 

Presently (November, 1980) there is one active pilot in-situ project and 

several in-situ projects are planned. 

Mobil In-situ Projects, Crownpqint Area 

As of Novemb:!r 1980, Mobil Oil (with a 25 percent interest in prcduct.ion 

by Tennessee Valley Authority) has a pilot plant in-situ leach project in 

operation in Section 9, '1'. 17N., R. 13W. near CrCMI1point. In addition, Mobil 

plans another pilot project (MomJirent), in Section 28, T. 17N., R. 12W., for 

which the test wells have been installed. One other pilot project near Crown­

}X>int may also be unCiertaken. In addition to the pilot projects, a full scale 

project is planned for an area near the present pilot plant. 

In the present pilot plant, nine injection, four production, and 12 

monitoring wells have J:een drilled to awroximately 2,000 ft with the pro­

rluction and injection wells being canpleted in the ~stwater host rock. The 

ore-rearing sandstone in this region is al:::out 30 ft thick. The wells have a 

5~ inch on (outside diarreter) casing of plastic-coated steel as deep as the 

Westwater. In tl1e Westwater, the wells are cased with fiberglass. A slightly 

alkaline solution was pumperl into the injection wells. This solution reacted 

with the uranium in the Westwater, causing it to go into solution; then the 

pregnant solution was brought to the surface in the production wells. The 

uranium was rerroved by ion exchange fran the solution and the barren solution 

after addition of an alkaline chemical and an oxidant was reinjected. The 

uranium was rerooved fr-an the ion exchange resin teds through addition of 

sodium chloride an<i the uranit.tn enriched solution fran the stripping side of 

the ion exchange was transfere<i to a surge tank fran where it was purrped 

through the precipitation an<i slurry concentration circuits. The uranittr11 was 

precipitated ty rreans of pH adjustment. A diagram of these procedures is 

shown in figure V-3. Bleed went to a plastic-lined pond. 

During the sumrrer of 1980, two different types of ion exchange systems 

were tested. One was a countercurrent fluidized bed system with resin trans­

fer from the adsorption column to the elution column via a resin storage tank 

occurrinq at regular intervals. The other system, a Higqins loop, had a 

continuous resin bed rroving in a pneumatic pulsed loop in which adsorption 

and elution occurred in the various sections of the loop. In addition to 

these two systems, various resins and removal of various eleJ'Ilents being 
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Figure V-3. Process Flowsheet for an In-situ Leach Pilot Plant (New Mexico Healt~ ani Environment De~~nt 

WELL 
F!ELO + !N,JECTORS 

LEGE NO 

L£.ACHAT£ CIRCUIT 

RESlN TRANSFER 

£ L. UTI ON CIRCUIT 

UJ~A NIUM SLURRY 

PLANT 
FEED 
TANK 

ADSORPTION I 
I 
L. 

r---------~-·---·---· 

PRECIPITATION 

NoCI 
COz 

ELUANT 
MAKEUP 

DE:J~·~~ 
SLURRY LIXIVIANT 

MAKEUP 
I' !:' PRODUCT 

·-·-·-·-
1 omRAOE 

US-NAUM0054257 

US-NAUM0054133-00 125 



• 

• 

carried in the pregnant solution underwent study. Exper.iments were also 

conductai in the precipitation circuit, with testing of various rreans of pH 

adjustnent, thickening, etc. 

The pilot plant production/extraction efficiency is currently ooinq 

evaluated lJy Mobil. A concentrated uranium slurry has been produced lJy the 

pilot plant, rut no shipnents have been made. 

The addition of chemicals to the injection well fluids began in Noveml:Er 

1979. By October 1980, enough data had been obtained that restoration of the 

well field could begin. 

During W'€11 field restoration, the use of chemical leaching additives to 

the injection well fluids has been discontinued. In November 1980, the pro­

duction fluid will oo run through ion exchange. This will continue until low 

uranium levels in this fluid are obtained. The production fluid will then te 

run through a reverse osrosis unit and recirculated in a new injection well 

until the fluids in the well field return to a water quality similar to pre­

leaching water quality. Well-field restoration is e>epected to take al:nut B 

rronths. The site occupies a.lnut 5 acres. After the project is finished the 

equipnent will oo r0010ved and the area reseeded. It has been estimated that 

approximately 5 curies per year of radon-222 may be released by the Crownpoint 

pilot project. Approximately 25 persons are employed in the Crownpoint leach 

project (NeN' Mexico Health and EnvirorlJTlent Departm::mt; Mobil Oil, 1977-1978). 

If the pilot projects are successful, uranium in ore-pods that are too 

isolated and too small for shaft mining techniques could re recovered. The 

following statffl'lent was Imde in the August 7, 1978 issue of Nuclear Fuel, 

"In-situ leaching has the potential of increasing the recoverable uranium 

reserves at Cro.vnpoint lJy a factor of five." Mobil has recently prOJX)sed 

construction of a full scale in-situ facility to be located near the present 

vilot plant. In addition, the M::>nurrent site east of Crownpoint is a planned 

test scheduled for late 1980, and the carpany has indicated. interest in an 

additional test facility to be located north of Crownpoint within its North 

Trend ore l:xrly. 

UNC - Teton Push-Pull Project 

In April 1980, the New Mexico EID gave permission for UNC Teton Explora­

tion Drilling, Inc. to conduct a limited push-pull test in Section 13, T. 

16N., R. 17W. Teton notified EID that the test was carried out in June, 1980. 
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The surface ONner of the land is the Navajo Tribal Trust (Water Pollution 

Control Bureau, personal camnunication, ,June 1980). 

Teton proposed to withdraw approximately 4, 500 gallons of water fran a 

well canpletoo into the uranium rearing zones of the 1'-t:>rrison Fonnation (ap­

proximately 1, 300 ft deep at the location of the v.~ell). The water was to re 

stored in a 5,000-gallon-capacity pool. 

According to the plan, the water had approximately 2 gram per liter 

sodium caroonate/bicaroonate and 0. 75 gram per liter hydrogen peroxide added 

to it, with the water to re reinjected into the r-t::>rrison. After 5 days, the 

v.~ell was pumped at the rate of 5 gpn. The fluid was then run through an ion 

exhange facility and then into the swi.mm.ing pool. The liquid in the swi.rmninq 

pool was pumped into trucks and carried to the nearby UNC mill for use in the 

mill. A total of approximately 13,500 gallons of fluid was punped fran the 

well. Uranium recovered in the ion exchange was expected to re less than a 

total of 5 lbs. A diesel 30 KilCMatt generator furnished the electrical 

needs for the project. If this push-pull project gave favorable results, 

further in-situ leaching my l::E attempted in a field test at the site (Ford, 

Bacon and Davis, December 1977; Water Pollution Control Bureau, personal 

canmunication, June 1980) • 

Proposed Exxon In-situ Leach Project 

Exxon is planning an in-situ leaching project in Section 21, T. 12N., 

R. 4W., at their San Antonio Valley orebody between Biro and Marquez. Rxxon 

owns mineral rights on 60, 000 acres in this area. The target ore l::xJdy is in 

the Westwater Canyon Member of the Morrison Fonration approx.imately 925 ft 

r.elow the surface. The mineralized sands are 55-70 ft thick and contain 

approximately 0.09 percent u3o8 • 

Exxon plans 20 production, 12 injection, and 10 rronitor v.~ells with a 

five-s!X)t configuration. Four prcx:luction wells will ring an injection well. 

There will :te a 70 ft spacing on the diagonal retween an injection and produc­

tion well. All wells will have firerglass casing. The entire project will 

occupy approximately 2. 75 acres. 

An alkaline fluid will be injected in order to solubilize the uranium. 

Up to 20 grams r:er liter each of sodium carl::onate and sodium bicaroonate, plus 

up to 1. c:; grams per liter of hydrogen peroxide will re added to the injection 

fluic'l of approximately 140 gpn. The pregnant solution fran the production 
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wells will l:E taken to an ion exchange facility where the uranium will l:e 

transferred fran the solution to resin beads. Sodium chloride and scxliUJTl 

cartonate will l:E used to raTX)ve the uranium fran the beads. 'lb.is concen­

trated up8 solution will then have the uranium precipitated to prOO.uce a 15 

percent solids slurry through t:fl charge using either an acid and base or acid 

and hydrogen peroxidE::!. The slurry will then be sent by slurry truCk to a 

drying and _packaqing facility. The barren solution enning fran the ion ex­

change will have suitable dl.emical additions and will then re reinjected. 

Approxiltlately 2-7 gpn will probably need to l:E bled fran the system to prevent 

buildup of unwanted contaminants, sum as radium, arsenic, selenium, and 

rrolylrlenum. All bleed and any other waste water (such as rain runoff, system 

wash water, etc. ) will re pipe::i to the nearby Sohio mill and used as proc."'ess 

water there. An on-site standby lined lagoon for waste water will also l:e 

constructed. 

The target u3o8 slurry production is approximately 9000 lbs of u3o8 per 

roonth. Construction of the facility is planned for late 1980 (though by 

Noveml:::er 1980, no construction had begun) and early 1981. By rnid-1981, it is 

hoped that leachirtg' can begin. The leach phase of the project should last 

through 1984. F'ran the end of leaching until the field is restored should 

take an additional 2 years. 

To restore the leached area, approximately 75-100 gpm of fluids will l:e 

withdrawn. The water will re run through the ion exchange as long as there 

are sufficient u
3
o8 concentrations in the fluids. All fluids will be sent to 

the Sohio mill. It is estimated that a total of approximately 300-500 acre-ft 

of water will have to re withdrawn through the leached sands l:Efore water 

quality returns to its original paralll:?!ters. Power will be obtained fran the 

existing nearby PNM line. It is P.xpected that approximately 23 people will re 
employed at the project. Using data obtained fran their Wyaninq in-situ 

projects, Exxon has estimated that approximately 14.5 UCi/sec of radon will be 

produced as radon cCll'Es out of solution fran the production fluids (Exxon, 

1980). 

Phillips 

Phillips Uranium Corporation suhnitted a prOJ:X>sal in June 1Q80 to the Ne\.,r 

Mexico EID for an in-situ leach project. in Section 32 '1'. 19N., R. 12W. This 

initial test is ming tenned a "restoration field test." The carpany prq:x>ses 
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to use two wells (which would later becane part of a 5-spot pattern) into the 

Westwater Canyon Meml:er, sane 3, 700-3,400 ft below the surface. One -well 

would be used for injection and one for recovery. It appears, after testing 

recirculation of Westwater fluids, that Hi'o4 may be added to the injection 

water to increase rrobilization of the uranium. After the leaching step, 

aquifer restoration will t:e studied. Disposal of water taken fran the aquifer 

during the operation may be by deep well injection (New Mexico Health and 

EnvirofiiTent Depar1:.rrent; Water Pollution Control Bureau, personal camrunica­

tion, ,June 1980). 

Grace Nuclear 

In addition to the present and proposed in-situ projects, Grace Nuclear 

operated tw:> uranium recovery in-situ projects. The first project was in 

Section 23, T. 16N., R. 17W. There were six injection wells and two pro­

duction wells canpletOO. into the Westwater, approximately 500 ft l::elow the 

surface. The production wells delivered at approximately 40 g}Xll. The uranium 

was recovered in an IX. Approximately 18 gpn of the water fran the IX was 

discharged to a nearby arroyo and 22 gpn were returned to the Westwater. A 

small arrount of anmonium bicarronate was added to increase the pH of the 

injected water. When the beads in the IX were loaded, they -were stripped. 

The pregnant solution was transported to the Kerr-Mc(".,ee mill. It is reported 

in the license application that approximately one truck a rronth went to the 

mill (New Mexico Health and Envirornront Departrrent). 

Grace Nuclear had a similar project in Section 13, 'l'. 12N., R. 4W. The 

target host rock was again the Westwater. This project is no longer in O{.'lera­

tion; however, chemicals at the site and O{.'len wells have been reported by the 

staff of EID. 

RESOURCE NEEDS 

Ernployrrent 

Employment in milling for the years 1975-1979 is given in Table V-7. 

This table also indicates ore weighed and sampled and gives the ore-employee 

ratio. Table V-8 breaks out employment by group in 1979. To construct a 

mill of approximately 4,000-5,000 tons per day capacity, it has been estimated 

that 810 man-years are needed . (u.s. Energy Research and Developnent Adrn., 

1976 - 1977; U.S. Oepar1:.rrent of Energy, 1978, 1979a, 1980a). 
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\"later 

A New Mexico acid mill presently requires approximately 1~ tons of water 

for every ton of ore processeci (though sorre require slightly rrore and SCJI'TE 

slightly less). If water is treated and reused, water needs will of course ~ 

rerluced (Sears et al., 1975). 

An alkaline mill characteristically requires less water than an acid 

mill. Some construction water is necessary during the building of a tailinqs 

dam and for raising the retention darn. Gulf has estimated, for example, that 

approximately 800 acre-ft of water per year will ~ necessary at their facili­

ty for raising the retention daJTl (New Mexico Health and Environment Depart­

rent). 

Access ID No. 04133 

Table V-7. Employrrent in ~1illing (U.s. Energy Research and neveloprrent 
Admin., 1976- 1977: U.S. Department of Energy, 1978, 1979a, 1980a). 

Tons of ore Tons of ore per 
Year Employment weighed & sampled employee 

1975 852 2,985,000 3,504 
1976 1,046 3,401,000 3,251 
1977 1,021 4,209,000 4,122 
1978 1,127 6,262,000 5,556 
1979 1,160 6,880,000 5,931 

Table V-8. Employment Categories in Milling for 1979 (U.s. Department of 
Enerqy, 1980a) • 

~ 

Operations 
Maintenance 
Technical 
Other 
Supervisory 

TOTAL 
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Number 

449 
342 
103 

81 
185 

1,160 
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Energy 

A ~"Urvey of mills indicated that approximately 30-40 kWh of electrical 

energy is required to process one ton of ore. The requirerrents va:ry mill by 

mill, of course, depending on such factors as how far the tailings must 1::e 

pumped, etc. (Perkins, 1979). 

Hydrocarl:on needs vary widely mill-to-mill b:!cause of such variables as 

use of heat fran a sulfuric acid plant, circuit desiqn (roasting, drying, 

elevated temperature in leaching, etc.) and type of circuit. Table V-9 indi­

cates fuel-oil resource needs for several of the nnst recent! y constructed and 

proposed mills. Most of the older mills use natural gas rather than fuel oil 

to supply process heat (New Mexico Health and Environ 

ment Department). 

Tailings areas also raJuire energy input for their operation. Table V-10 

lists energy requirerrents for tailings disposal serving a mill of approxi­

mately 4,000-5,000 tons per day throughput. 

Construction of tailings dams and mills is another area of energy deman~. 

In their license application, Gulf has estimated that mill construction will 

require on the order of 75 kWh per day over the 18-m::mth construction time. 

The total gasoline consurred is estimated at 55,000 gallons and diesel con­

sumption is estimated at 490,000 gallons. 

Chemical 

Mills require chemicals for use in roth the leaching and sol vent extrac­

tion sections of the mill. Table V-11 includes the estimated chemical needs 

of the proposed Gulf mill. Table V-12 indicates the needs of sane of the 

other mills in New Mexico. 

'T'able V-9. F'uel Oil Needs (New tv.exico Health and Environment Department). 

Mill Operator F'uel Oil Use 

Church Rock uoc #6 fuel oil 1.47 gal/ton ore 

Nose Rock Phillips #2 fuel oil 6.15 gal/ton ore 

L Bar Sohio #2 fuel oil 2.07 gal/ton ore 

Marquez Rokur.1 #2 fuel oil 2.47 gal/ton 

Jl1ount Taylor Gulf #2 fuel oil 5.95 gal/ton 
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Table v-10. Projected Yearly Energy Reqm.rements for OperatJ.on of the 
Tailings Retention Area of the Gulf Mill (New Mexico Health and Environ­
rrent Department, Gulf license aFPlication). 

Source 

ManpcMer 

Diesel fuel 

Gasoline 

Lure oil 

Grease 

Electricity for sump pumps 

Electricity for return water system 

()uantity 

3,000 hrs 

42,000 gals 

1,700 gals 

700 gals 

500 lbs 

65,000 kwh.r 

130,000 kwhr 

Table V-11. Estimates of Resources camli.tted for the Proposed Gulf Mill 
(New Mexico Health and Enviroment Department, Gulf license application 
arrendrnent, March 1979) • 

I tan Per nay 

Electrical Energy 1.6 X 10 5 
~ 

Water (Process) 1.1 Mg 

Water (Potable and Sanitary) 4,375 gallons 

Sulfuric Acid 300 tons 

Sodium Chlorate 34 tons 

Arrrronia 3 tons 

Sodium Carb:mate 34.8 tons 

Hydrogen Peroxide 3 tons 

Alamine 336 20 gallons 

Isodecanol 40 gallons 

KerosE>..ne 600 gallons 

Flocculant 1 ton 

Fuel Oil (No. 2) 25,000 gallons 

Coarse Ore 4,200 tons 

Uranium 13 tons 

Manpower 126 man-days 
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Per Year 

6 X 107 kWh 

374 Mg 

1.6 Mg 

102,000 tons 

12,000 tons 

1,000 tons 

12,000 tons 

1,000 tons 

7,200 gallons 

13,600 gallons 

0.2 Mg 

350 tons 

8.4 Mg 

1.4 X 106 tons 

4,400 tons 

126 nan-years 
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Table v-12. Resource Needs of Three Licensed Mills in New ~ico (New 
~1€-.xico Hc'!al th and Environrrent Depa..rtnent ) • 

Church Rock Mill 

Ttem 

ore 

water 

H2so4 
NaC10'3 

flocculant 

kerosene 

amine 

isooecanol 

NH3 

people 

Access ID No. 04133 

(TJNC) Resource Needs L Bar r1ill (Sohio) Resource Nee<.'ls 

Rate Item Rate 

S,SS5 lbs/min ore 1,'500 tons/day 
721 gals/min water 550 qpm 

153 lbs/min H2so4 11,000 gals/day 
3. gq lhs/min sodium chlorate 3,300 lbs/day (40 

.42 Ihs/win flocculant 1f)6 lbs/day 

.4?. gals/min kerosene 13S ()'als/day 

.06 lbs/min amine NA 

.22 lbs/min iso(lecanol NA 

7.2f. lbs/f'lin NH3 J,qoo - 5,200 lbs/day 
117 

Marauez (Roklll11) 

Jtel"l 'Rate 

ore 2,:wo tons/day 

water son gpm 

H2'so4 166 tons/day (93 percent H2so4 ) 
NaCt0 3 11 tons/day (40 percent solution) 

flocculant 462 lbs/day 
kerosene 450 qals/day 
amine 110 lhs/day 

isodecanol 200 lbs/aay 

(NH4)2S04 1,'i00 lbs/day (average) 
NaCl 6 tons/clay 

Na2m3 7 tons/day 

NH 3 1,093 lhs/(lay (average) 
qlue 220 lhs/day 
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Land 

The land required for tailings disposal and decant ponds is given in 

Table V2 and V4. In addition, land is requirecl for haulage roads, ore storage 

pads, and mill-process l::uildings and tanks. For example, the estimates for 

the Sohio mill at the tirre of mill license application were that a total of 

1, 300 acres would te disturbed {New Me>cico Health and Environment Depart:.rr1:!nt) • 

LEX:;ISLATION 

Federal 

During 1978, Public Law 95-604, "Uranium Mill Tailings Radiation Control 

Act of 1978", was passed. This law set up 1) a remedial action proqraM for 

inactive tailings piles, 2) ne;..r licensing regulations and definitions, and 3) 

a study of designation of two mill tailings sites in Ne;..r Mexico. Because of 

confusion in the language in the act it was uncertain whether l:::oth NRC 

(Nuclear Regulatory Canmission) and an agreerrent state had licensirg authority 

over mills in that state. Further legislation was therefore passed clarifying 

this point and giving Agreenent States authority until November 1981, by \...tlich 

t.i.Jre agreement states must rTeet certain licensing requirements in order to 

remain an agreerrent state. The result of the study (item 3) was that the 

inactive mill tailings under discussion in 'N'ew Max.ico ~re locatecl at active 

mills (Anaconda and UN-HP) and could not te designated in the Federal rerreaial 

program for abandoned tailings piles. 

Further infonra.tion on the designated Shiprock and Phillips piles is 

given in the section on inactive mills. 

In March of 1980 EPA Office of Radition Programs issued. a draft RIS, 

Remedial Action Standards for Inactive Uranium Processing Sites, and in April 

1980, EPA issued proposed cleanup standards for inactive uranium processing 

sites. These proposals covered contamination of drinking water and waters of 

the nnited States (for l:::oth radionuclides and non radionuclides), limited 

radon emission to 2 J;Ci/m2-sec fran disposal sites, and set a 5 J;Ci/gm Ra-226 

standard for cleanup of open lands and buildings 

(u.s. Environmental Protection Agency, 1980; Nucleonics Week, April 1980). 

On June 24, 19RO, EPA issued underground injection control technical 

regulations. These regulations cover insitu leaching, mine-water recircu­

lation, and tailings sands ba.ckfill and set requirements for state programs 
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operated in lieu of EPA. Uranium in situ wells were classed as class III 

wells. Tailings sand b:ickfill operations were classed as class v. The state 

has asked for clarification of mine-water injection wells for the purpose of 

recirculation but will consider then as class V unless otherwise notified. In 

all cases an inventory and infonnation program is required (Water Pollution 

Control Bureau, personal cammmication, June 1980). 

NRC (O.S. Nuclear Regulatory Camlission) has also issued 40 CFR 190, 

which limits general exposure fran mill emissions to 25 millirems, excluding 

radon and radon daughters, to any rrember of the general public. This limit 

goes into effect at the end of 1980. 

The August 24, 1979 Federal Register published NRC proposed rules for 

uraniUJTI mill tailings licensinrr criteria relating to uranium mill tailings and 

construction of major plants. These proposals were made after completion of 

the draft generic impact statement. 

State 

On April 21, 1980 radiation protection regulations passed by the EIB (New 

Mexico Envirormental Improverrent Board) were filed. Changes fran the previous 

regulations effecting uranium milling include requirerrents for: 1) viable 

tailings 11\3.l1agement alternatives including below-grade disposal and alterna­

tive sites, 2) no construction of a uranium mill until a license has J::een 

granted, 3) title to land whim the tailings pile is located on must l:e trans­

fered to the United States or state government at cessation of milling, and 4) 

the United States or state goveri1ITEnt or applicant must have title to the land 

l:efo.ce disposal of wastes can begin. If the State is to remain an agree:oont 

state, J::xmdinq requirenEnts will have to l::e included in the regulations (New 

Mexico Environmental Improvarent Division, April 1980). 

TAXATION AND REVENUE 

Revenue 

Revenue fran taxation of uranium includes roth a severance tax and a 

resource exise-tax. Uranium severance-tax collections in New Mexico are shown 

in Table V-13 for 1973-1979. Uranium resource exise-tax collections for the 

saJ'l'e period are shown in Table V-14. There are also a conservation tax and 

property tax (New Mexico Taxation and Revenue Department, 1980). 
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Table V-13. uranium severance Tax Collections in New Mexico, 1973-1979 
(New Mexico Taxation and Revenue Department) • 

Ti.n'e Period Total sales 

(calendar years) (lbs u3o8) Tax Due (Dollar) 

1973 9,922,639 131,935 

1974 10,797,712 162,179 

1975 10,852,685 181,556 

1976 12,434,876 259,737 

1977 12,317,108 4,414,590 

1978 16,518,959 17,975,488 

1979 15,306,368 13,354,031 

Table V-14. uranium Resources Excise-Tax Collection in New MeXico, 1973-
1979 (New Mexico Taxation and Revenue Department). 

Calendar Year ~ross Value (dollars) 

1973 62,946,413 

1974 70,971,418 

1975 77,135,835 

1976 163,627,799 

1977 345,675,642 

1978 420,933,093 

1979 386,259,346 
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Recent Olanges in Rate of Severance 

The rate of taxation was changed for uranium by legislation enacted in 

1977 and again by legislation enacterl in 1980. The legislation of 1977 set 

new severance tax rates l:e~inning July 1, 1977 in accordance with a step-rate 

table, rnsed up:m the sales price per pound of the u3o8 (yellcwcake) recovered 

in the severed and saved or processed uranium. The taxable event is the sale, 

transportation, or consumption, whichever occurs first. The rate sche:iule was 

as follo,.rs: 

If Taxable value r:er pound of u3o
8 

was: 

Over But Over Tax Rate 

$ 0 $ 5.00 1.0% 
$ 5.00 $ 7.50 $0.05 plus 1.6% of excess over $5.00 
$ 7.50 $10.00 $0.09 plus 2.0% of excess over $7.50 
$10.00 $15.00 $0.14 plus 3.0% of excess over $10.00 
$15.00 $20.00 $0.29 plus 4.0% of excess over $15.00 
$20.00 $25.00 $0.49 plus 5.0% of excess over $20.00 
$25.00 $30.00 $0.74 plus 7.0% of excess over $25.00 
$30.00 $40.00 $1.09 plus 9.0% of excess over $30.00 
$40.00 $50.00 $1.99 plus 12.5% of excess over $40.00 
:;>50.00 and over $3.24 

There was also a surtax on uranium. nnder Chapter 345, Laws of 1979, the 

surtax was calculate:l the sarre way as the surtax on coal~ however, the surtax 

applied only to uranium with taxable values of $50 per lb or rrnre. The surtax 

has had minimal effect upon revenues because relatively few sales occured at 

this price. 

In addition, the uranium severance tax was (and is) affected J:y a "grand­

father clause" which allows any l:ona fide arms length contracts to l:e reqister­

ed with the New Mexico Taxation and Revenue Department (formally the Bureau of 

Revenue), which were entereil into prior to January 1, 1977 by August 1, 1977. 

If a cnntract qualified, the tax rate is a flat percentage rate of 1. 25 per­

cent of the taxable value r:er pound rather than a rate dete:rnrlned on the 

step-rate table. The criteria for registration were: (1) a contract for sale 

of uranium entered. into prior to ,January 1, 1977 ~ and ( 2) the contract 

" ••• ooes not allo,.r the taxpayer to obtain reimbursement for all of the ad­

ditional taxes .impose<'l ••• " by the step-rate table. "Grandfathering" shall 

tenuinate it' the registered contract is or has teen amended in any manner 
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after January 1, 1977, and the effect of the amendment is to increase the 

price of the uranium or the total quantity to 'be sold under the contract. The 

Director of the New Mexico Revenue Division provided a system for the regis­

tration of such contracts. Severance taxes under "grandfatherinq" will 

terminate on December 31, 1984. 

The severance tax is due on or 'before the 25th day of the rronth followinq 

the rn::mth in which the taxable event occurs. The 1980 leqislature changed the 

step-rate to that shown in the following table: 

New ~tep-Rate Table 

If taxable value per pound of u3oR is: 

over But Not OVer The Tax Per Pound Shall Be: 

$ 0 $ s.oo 2.0% 
$ s.oo $ 7.50 $0.10 plus 4.0% of excess taxable value over $ 5.00 
$ 7.50 $10.00 $0.20 plus 6.0% of excess taxable value over$ 7.50 
$10.00 $15.00 $0.35 plus 7.0% of excess taxable value over $10.00 
$15.00 $20.00 $0.70 plus 8.0% of excess taxable value over $15.00 
_;;,20.00 $25.00 $1.10 plus 9.0% of excess taxable value over $20.00 
$25.00 $30.00 $1.55 plus 10.0% of excess taxable valre over $25.00 
$30.00 $40.00 $2.05 plus 11.0% of excess taxable value over S30.00 
$40.00 and over $3.15 plus 12.5% of excess taxable value over $40.00 

Sales under the "grandfather" clause of the 1977 act, however, continue 

to re subject to the special re<'luced rate of 1.25 percent. In addition, a 

temporary provision credit is allowed to be phased in during a 3-year period. 

For the fiscal year beginning July 1, 1980, the credit is in the arrount of 50 

percent of the tax due on the first 100,000 lbs of u3o8 severed ~ each 

severer. For the fiscal year beginning July 1, 19R1, the credit is 50 percent 

of the tax dues on the first 75,000 lbs of u3o8 and for the following fiscal 

year, the 50 percent credit applies to the first 50,000 lbs of u3o8• The tax 

due date under the new legislation remains unchanged. The 1980 New Mexico 

T.egiRlature passerl a bill that will temporarily lower the uraniUM severance 

tax rate to percent of its taxable value as defined 1:¥ the 1979 legisla­

tion. The lower tax rates are scheduled to expire in 199 • 
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PRQJEcriONS 

Mill Capacity 

As can re seen fran Table V-3, total licensed mill capacity is presently 

24,360 tons per day. It may re sane tirre, hc:Mever, oofore the Bokum mill will 

achieve its licensed capability. In addition, if Church Rock continues 10 

days of running at 2,500 tons per day and 4 days down, this effectively limits 

its production to an average of 1, 786 tons per day. Present capacity of New 

Mexico mills is thus approximately 19,946 tons per day. Assumming that main­

tenance will require 23 weeks per year, yearly milling capacity is apprax:i­

mately 6,861,424 tons. Production for 1980 therefore, cannot exceed by any 

large extent the 1q79 6.9 million tons processed, if for no other reason than 

milling capacity. 

HeM much milling capacity can increase in the next 5 years is open to 

question. If the Marquez mill is finished, if Gulf wilds its Mount Taylor 

mill, if Conoco constructs its mill, if DOC finds and utilizes a suitable 

tailings area, and if Phillips canes on stream with that mill, total capacity 

will reach 32,610 tons per day or 1.63 times the present capacity. There 

appears to re sufficient constraints on the canpletion of all these projects 

and their full cperation while at the sarre time continuing full throughput at 

the existing mills such as to make it appear unlikely that this production 

will re achieved within the 5 year time period. Considering constraints on 

mine and mill construction and production, New Mexico active milling throuqh­

put in 1985 may re arout 27, 100 tons per day. 

Predicting u3o8 output from the mills is more difficult than predicting 

mill capacity recause ore grade and recovery efficiency mu.st oo considered. 

The trend towards milling lc:Mer grade ores may continue until Gulf beains ·to 

mill significant ore tonnage. Grade should stabilize and perhaps increase for 

a short tirre; hCMever, recause the higher cost la..er-grade ores will have to 

re milled if all of New Mexico's reserves are recovered, the long-tenn trend 

is probably towards l~r grades. The new ores may also re more refractory, 

and hence, recovery may drop. The prospects, in tenns of mill capacity and 

available ore to mill, are therefore on the short term basis for a rather 

stable yearly mill throughput (with perhaps a slight increase) with up8 
production increasing somewhat as Mount Taylor ores are milled. 
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Ion Enchange 

Mine-water recirculation is expected to increase slightly in the next 5 

years. Recovery fran mill tailings decant water will probably increase and 

new in-situ projects will probably re developed; however, recause these pro­

jects do not proouce large aroounts of o3o8 canpared with production fran 

conventionally mined and milled ore, these projects are not expected to have a 

large effect on total o3o8 output in New Mexico in the near future. 

Suntna;y 

Recause the New ~Vexico uranium industry has cut reck on exploration and 

mine develcprent, rapid expansion of the industry does not appear possible due 

to the long lead ti.m:!s required fran exploration to production. If the 

reactors new under construction care on line as planned and if the u.s. 
uranium industry does not increase u3o8 proouction, a shortage of u3o8 could 

develcp as early as the late 1980's if darestic sources are relied upon. 

Production projections for New ~ico are presented in Chapter VI along with 

current proouction analysis. 

Editor's Notes- The Legislature enacted a bill in 1981 that lowers 
the taxable value to be reported for severed and saved uranium 
bearing material to sixty percent of the sales price per pound. 
The act is effective through June 30, 1984. On June 30, 1984, 
the taxable value to be reported reverts again to the full sales 
price per pound. The new step-rate table of 1980 shown above is 
applicable in either instance. 
As this report goes to press, UNC(United Nuclear Corporation) had 
successfully demonstrated to the EID(Environmental Improvement 
Division) that contamination of underground waters at its Church 
Rock milling operation could be halted by intercept wells. 
Milling operations have been halted at the Sohio L-Bar mill near 
Seboyeta due to lack of toll ore. 
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CHAPI'ER VI 

CURRENT PRODtCI'ION AND PRODtCI'ICN PROJECI'IOOS 

Although the curount of uraniferous ore weighed and sampled by mills and 

buying stations in New Mexico continued to increase over previous years in 

1979, uranium concentrate (up8 ) production declined canpared with 1978 and 

Ne.-~ Mexico's share of total darestic U 3o8 production d.ro{::ped six J?ercentage 

points to 40 J?ercent (Arnold et al., 1980). A record 6,880,000 tons of ore 

was weighed and sampled in 1979, which represented an increase of 644,547 tons 

or a 10 J?ercent increase over the previous year. Table VI-1 provides canpara_ 

tive production data for the past six ( 6) years. 

The ore processed in 1979 contained A,186 tons of u3o8 of which 7,420 

tons was actually rep:>rted as production. The difference t:etween the anount 

of TJ 3o8 contained in the weighed ore and the arrount reported as production is 

due to quantities of u3o8 which have been lost in the millinq process as well 

as that arrount which has teen stockpiled for later blending and milling and 

thus is not rep:>rted as production. Production of u3o8 in 1979 represented a 

decline of 1,140 tons or 13 percent fran 1978. Concen trate production in the 

period 1966 to 1979 is shown in table 28 and fig. VI-1. Table VI-1 lists the 

arrount of u3o8 contained in the ore, and table VI-2 lists the actual produc_ 

tion of u3o8• Fig. vr-1 compares cumulative u3o8 production in ore ~ state 

l:etween 1963 and 1979. 

Table VI -1. Uranium ore weighed and sampled ~ mills and ruying stations 
in New Mexico, 1974-1979. u.s. Department of Energy's Grand Junction Office 
(GJ0-100, 1980) erroneously reported 1979 ore weighed and sampled as 6, 880, 
000 tons (W .L. Chenoweth, J?ersonal camrunication, August 1980; U.s. Energy 
Research and Developrent Administration, 1975, 1976, 1977; u.s. Depa.rtJrent 
of Enerqy, 1978, 1979a, 1980a). 

Year Ore (tons) 
(13°8 

(tons) 

1974 2,997,000 5,400 
1975 2,985,000 5,500 
1976 3,401,000 6,500 
1977 4,209,000 7,600 
1978 6,262,000 9,400 
1979 6,906,547 8,200 
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0.180 
0.184 
0.191 
0.181 
0.151 
0.119 
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43 
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Despite a decline from 1978, New Mexico's 1979 uranium concentrate pro­

duction was, neVt:!rtheless, qreater than any previous year with the excep_ tion 

of 1978. The noteworthy change in production patterns from past years has 

been a siqnificant decline in the percentaqe of total United States produc­

tion. New Maxi co's share of danestic production dropped fran 4 6 percent in 

1978 to 40 percent in 1979. '.Ibis decline has resulted fran a qreater share of 

pro:'luction fran other states, particularly Texas, which has experienced an 

increase of (7) percent of d011'estic production. Wyominq's share of total 

production haS rerna.ined ab:mt the same at 27 percent. New ME!Kico, hONever, 

has retained its first place ranking among uranium- producing states and only 

during 1973 when a prolonged labor strike adversely affected mining and mil­

ling has the state failed. to lead in u 3o8 production. Between 1966 and 1979, 

New Mexico has averaged 4 5 percent of United States production. Follc:Ming New 

"Mexico and Wyaning, the balance of prcxluction in 1979 carres from Arizona, 

California, Colorado, Florida, Texas, Utah, and Washington. Fiq. vr-1 can­

pares New Mexico's uranium concentrate production with Wyoming and total 

danestic prcxluction tetween 1963 and 1979. Fig. vr-2 shCMS danestic produc­

tion by other areas from 1953-79 with the Grants Mineral Belt in New Mexico 

for canparison. 

The decrease in concentrate production can be attrib.lted to a canbination 

of factors including a declining average ore grade, down at one major mill, 

and adjustrrent to a depressed uranium rrarket. Since 1977, the averaqe ore 

grade as a ~ight percentage of contained u3o8 has steadily declined in NevJ 

Mexico. The average ore grade reported by the DOE (n.s. Department of Enerqy) 

as weighed and sample'! at mills and buying stations in New l.Jfexico during 1979 

was 0.119 percent u 3o 9• '.Ibis percentage represents a substantial decline frCJ'l 

0.150 percent u3o 8 re:ported during 1978 and 0.1R1 percent rep:>rted durinq 

1977. A large part of the decline in average ore grade fran 1978 to 1979 can 

te attrib.lted to a dilution effect fran the milling of large stockpiles of low 

grade ore from Anaconda's Jackpile-Paguate mine at Laguna. other factors t-..hat 

have tended to 10\Er the aVt:!rage ore grade include the mining of lower grade 

ores as a resp:mse to relatively high market and contract prices of the recent 

past and ultirrately, the overall lower grades of newer de:posits reinq mined 

and developed today canpared to those of the past. Ore-grade percentages for 

the p.:tst 6 years are presented in '!"able VI-2. 
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Table VI-2. Uranium-concentrate production as :recovered fran ore 1Nieighed 
and samplerl in New Mexico, 1966-1979; concentrate production for 1973 was 
adversely affecterl due to a prolonged lator strike at Kerr-Md".,ee that year 
(u.s. Departrrent of Energy, 1980a). 

uo 
Year (tJJ, 

1966 5,076 

1967 5,933 

1968 6,192 

1969 5,993 

1970 5,771 

1971 5,305 

1972 5,464 

1973 4,634 

1974 4,qs1 

1975 5,191 

1976 6,059 

1977 6,780 

1978 8,560 

1979 7,420 

Average 
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Percent of total 
u.s. production 

48 

53 

50 

51 

45 

43 

42 

35 

43 

45 

48 

45 

46 

40 

45 

126 

US-NAUM0054275 

US-NAUM0054133-00 143 



.. 

.. 

Access ID No. 04133 

Figure VI-1. Cumulative u3o prcxiuction 1::¥ state, lq63-1979. "Others" 
include Arizona, California, ~olorado, Florida, Texas, Utah, and Washincyton. 
(U.S. Department of Enerqy, 1980a; \v.L. Chenoweth, r::ersonal conmunication, 
August 1980) • 
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'l'he rrnst siqnificant factor affecting production in 1979 resulted frm a 

breachei mill tailings dam at the United Nuclear Corporation Church Rock mill 

0n ,Tuly 16, which created a spill that resulted in the facility reing out of 

operation for at least one hundren work days. Both millino and mining opera­

tions at the Church Rock facility were seriously disrupted for the balance of 

197<) ami into 19RO. Mine closures anc1 layoffs during 1980 are expected to 

create further production declines over tJhe near future until siqnificant new 

prorluction corres on stream in 1 (}82. The depressed dorrestic uranium mar¥-.et, 

according to industry, has adversely affected both production and development 

acting in conjunction with higher proouction costs and severance taxes, 

foreiqn competition, and 1.mcertainties regarding future demand. 

Accordinq to ore production data receive<'! fron individual producers by 

the New He~dco Hininq and Minerals nivision, the AMbrosia Lake and t.aquna 

mining districts accounted for the bulk of ore production during 197Q. 

Anacnnna, Kerr-Mct"..ee and United Nuclear are the three largest producers. 

Otl1er mininq djstricts reporting uranillm ore production include Church Rock, 

Smith T,ake, Chuska and C:rCMnpoint. rrhe fv'lount Taylor area is included with the 

Ambrosia r.ake district so as not to reveal individual producers. Production 

J.~rcentaqes fran Chuska and Cro.mrx:>int are treated similarly. The major 

production districts lie for the nost part in Valencia and McJrinley counties 

which account for the b.1lk of Mine rrouth production. 

In 197CJ, uranium ore production fran underqround mines constitutffi aliTOSt 

64 percent of tota 1 production. Open-pit mining contriruted rrost of the 

balance. Eighty-three p2rcent of New Mexico uranium ore production in 1979 

was fran depths of 1000 feet or less which, of course, includes all open-pit 

operations. Almost 17 percent came from underground production depths of 1000 

to 2000 feet, ann a minor quantity was reported from depths in excess of 2000 

f~t. Futnre production fran ore h:xUes currently under clevelo:p~T\ent will ccme 

fran depths in excess of 3000 Sandstone and other clastic rock types 

accounted for approximately <lR percent of New Mexico ore proouction in 1979 

with 1 irnestone production at. atout /. percent of the total. The Jurassic 

'T'onilto T.irrest.one is currently t...he production formation or host rock for all 

non-sandstone ore production in the state. Individual host rock units within 

d1e Morrison Formation of ,Jurassic aqe produced all of the sannstone ores with 

the .Jackpilc and Westwater containinq the larqest and rrost productive ore 

h.Xiir:s. On; production .r.:ercentaqe durinq 197Cl, by various production cate-

qor <tr-0 :::;hewn in 'l'able VT-3. 

129 

Access ID No. 04133 US-NAUM0054278 

US-NAUM0054133-00 146 



Table VI-3. New Mexico ore prcxluction percentages by various categories 
for proouction year 1979 as calculated fran prcxluction data subrri.tted hy 
individual prcxlucers to the Mining and Minerals Division; prcxluction per­
centages canhined where necessary in order to protect the identity of 
individual properties (New Mexico Bureau of C~logy). 

1979 UraniUITl Ore Prcxluction % by Mining Oistrict 

Church Rock 
Smith Lake 
Ambrosia Lake and Mt. Taylor 
Laquna 
Chliska and Crownr:nint 

12.7 
3.3 

43.5 
40.1 

less than 1. 0 

1 fJ79 Uranium Ore Prcxluction % by County 

McKinley 
Valencia 
Sandoval and San .Juan 

59.6 
40.0 

less than 1. 0 

1979 Uranium Ore Production % by Mining Method 

Under~~-round 
Open-pit 
other* 

63.9 
36.0 

.1 

*incl. in-situ, heap leach and mine-water recirculation/IX recovery 

1979 Uranium Ore Production % J::y Mine l")jepth Ranqe 

0-1000 feet 
1000-2000 feet 
2000-3000 feet 

83.0 
16.6 

less than 1. 0 

1979 Uranium Ore Prcxluction % by Host Rock 

Westwater 53.5 
other Morrison (Brushy 'Aasin, Recapture) 44.4 
Morrison Total fJ7.9 
~ilto 2.1 

197C} Uranium Ore Production % by Host Rock Type 

Sandstone and other clastics 
I.imestone 

130 

CJ7.8 
2.2 

• 

Access ID No. 04133 US-NAUM0054279 

US-NAUM0054133-00147 



In terms of potentirtl energy, the state's 1979 production, using con­

ventional f.WR (light water reactors), can h:! expected to yield approximately 

3.4 quadrillion Btu (British thennal units) or the equivalent of 996 GIVe 

(giqnwatts electric) of electrical energy prior to transmission. The United 

States currently has ah:>ut nl f1.Ye of generating capacity in operation of a 

tot a 1 of 170 (;{!Ve in reactors which arc ornered, tmder construction, or 1i­

censed to opera1:e. 

Pronuction Projections 

Olrrent production pro:iections of n3o8 (yellowcake) in New Mexico for 

calcnila.r yE.~rtr 1980 as est.imateil hy the n.s. nepartm::mt of Eneray are 7,770 

t:ons or 16 percent of n.s. calenaar year proouction (20,400 tons n3o8 ) (,Jacob­

sen, l tlRO). PrOduction nata arc collected fr<Tl individual prooucers at 

r01ular reporting intervals t-11rouqhout the year. Thus, ·New Mexico's share of 

total darestic tiTanium proouction appears to re declining steadily fran a hioh 

of 48 :percent of 1976 to 40 percent in 1979, and a projected 38 :percent for 

19PO. flranium proouction in Na.~ Mexico durino 19AO will likely fall below 

current estimates if mine closures ann market trends are any indication. 

The New Mexico prcrlucers thernsel ves have est mated that 1981 uraniUM 

production will decline further to approximately 11,11'1 tons, a drop of nearly 

30 JX?rc~cont: since 1 fl7R when the stat.e proouce1 a record R, 1)60 tons u3o8 
(<Jacob­

sen, 1980). 

Proonction pro~jections fran 1980-1985 are SUI"11"1arizecl on '1'able VI-4. 

Bureau of (',eoloqy projections inrhcatc the prohahility of increased procluction 

l:::eginning in lQR2 when mines currently under development in the Crownpoint 

area reqin to COJ"'e on-stream, however, the current extremely a<iverse market 

situation my preclude or delay much of this na.~ production. 

Table iTT -4. New Hexico nranillin product ton projections fn::m 1980-1985; fran 
various SOlirces as incUcate<i (cel1'1f>ilerl by N.~l!. Bureau of r€ology, 1qRn). 

l'JBO 
l9fH 
1982 
19[1 l 
1984 
l 'JW, 
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Estimated PrnhJcti(ln 
(tons ll 10:;) 

7, 770 
6,000 
6,300 
7,000 
7,200 
8,200 

'6 of 
·rotal u.s. 

36 

nroouction 
Estirra te Source 

U.S. Dept. of Energy 
N. M. Bur. of Geology 
N.H. Bur. of C'.,eology 
!'J.M. Bur. of C..eology 
1\1 .M. Bur. of C'..eology 
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Editor's Note- As this report goes to press, the U.S. Department 
of Energy has reported that 1980 uranium production in New Mexico 
was 7750 tons U308. 1980 production as reported by uranium pro­
ducers to the Mining and Minerals Division of EMD was 7407 tons 
U308 recovered from milled ore, virtually unchanged from 1979. 
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CHAPTER VII 

RRSRRVES At-lfl RESOURCES 

Re~rves 

Reserves are the ll'OSt reliable estimate of resources based on direct 

m~asurem::mts of known ileposits or their extensions. Reserves can thus be 

calculated for indivirlual pr<J}')erties u.sing radianetric and chemical data, 

rlrill-hole intercepts and other sampling nata. Since 1948, industry reserve 

nata have tEen voluntarily suhnitted on a confidential oosis to the federal 

government agency mannaten at r~e time to evaluate domestic uranium reserves, 

presently the Resource Division of the DOE (n.s. DepartJ"lEH"~t of P.nergy) in 

r:rann .Junction, Colorano. Reserve rlata that woulel reveal individual pro­

rlucers, hONever, is not available to the public since they are proprietary in 

nRtnn::.. 

Reserve estimates are puhlished annually by the DOE for individual states 

as well as for Cff~ologic suhlivisions providoo that the reserve area does not 

identify individual properties. The estimates have traditionally reen defined 

l:y forward-cost category which is the vol~ of uraniUJTI that can l::e expected 

to re produced at or l::elON. arbitrarily selecteel costs per JJOund of n 3o8• The 

OOE considers their reserve estiiTates to 1:-e accurate to ± 10 percent. ore 

reserve cost categories currently include estimates at $30, $50, and S100 per 

lb. t•Jith 1979-1980 nraniurn market econanics, the $30 to S50 per lh n3o8 
forwarn-cost categories are cunsinered to be the most realistic. 

It is imJXJrtant to note that forward costs include 0peratinq and capital 

costs, i..n current (lOllars, that must m incurre<'l hy industry in order to pro­

Ciucc• a rnunc1 of n 3o8• .C::uch costs i!o not incluile laror, energy, materials, 

taxes, royaltit>s, insurance, <lnrl rtdministrative costs. Income taxes, profit, 

ann t-he r()st of financinq an'! includerl. ~unk: costs, which are all previous 

e_xpemli tures such as land acquisit.ion, e.."~Cp1oration, drilling, Mine develop­

ITl?nt, an0 f'1i11 rnnstrnct.ion, are not incluile<'l. rrhese costs .must oo retrieven 

over the liFe of the property thronqh the sale of n3o8 concentrate. 

Nt3t/ 111.-~xico nraniurn reserves arc shONn in Table VU-1 which inclu<1cs New 

~1exico's p:"rcentaqe of total TJniterl States' reserves in various forward-cost 

cat.eqories. Ne.v He.xic;o sti 11 holels a naninant position amonq all uranium­

prcXlucinq states in each of t.he forwaro-cost reserve cateaories, rut l:ecause 
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of higher costs, lCM prices, lower grades and depth consiCierations, the 

stAte's rec:overahle reserves nay decrease ccropareC1 to other states in the 

future. Jl"el vin (1 qgo) has rRne an analysis of the effect of severance taxa­

tion ann royalties on proilucahle reserves in the Grants reaion. The S30 per 

lh. reserve cat.eqory will rrore than likely l:e nroppeil in estirna.tes for 1981 

ann these rese~~s shiftect to hi~1er cost cateaories. 

As can t-e seen in 'T'nhlP. VII-2, tJew Mexico has rrore uranium reserves in 

the $'10 P"r lh cateqory than any one of the ot.her producina states. Nev;' 

nexko has '12 percent of r'lanestic uranium reserves proilucible at $30 per lb, 

4R p-::>r:-cent of nranium reserves prooucihle at SSO per lh, nnn 4fi percent of 

uranium re~,erves at $100 per lh. In the $30 per lb range, 15 fewer properties 

are inclllncd for calend.ar year 19Rn canpared to 197Q, resnJ.tinq in a net 

decrease. 'T'his change \«)Uln appear to indicate that after production, ad­

nitional reserves are l:einq nefined only in extensions of known ore lx>dies 

rather tJ1an in newly discovered ore l::octies. 'T'ah1e VII-1 shCMs reserve data 

for New Mexico in the various fo:rwarCI-cost cateaories from .January 1978 

through ,January 1 '180. Canpared to calendar year 1978, when ]'Jew Hexico held 52 

}X!rcent of nranim reserves in t.lte $SO p-::>r lb forward-cost cateaory, the state 

no.-.r has 4~ percent of all the United States uranium reserves in the $50 per lb 

cateaory. Although six n<'W rlef'OSits have been arl~oo to 550 p:!r lh reserves, 

lower averaae gra.~e anti recent prorlnction nep let ion may account for the net 

t1ecrease. '1'ahle VII-::> shows that NEW Mexico's reserves have oeclineC1 while 

those of l\lyanino and Texas have increased. Neow Hexico' s reserves are in 

larqer dep:>sits, 1-:ut PRISt l:e prorlucerl at hiqher costs since they are at 

qrertter rlepths t.han those in Wyoming and 'T'exas. 1';<:r1pared to the leading 

nations of the worln in tenns of reasonably assure<'! uranilJll reserves at 

$'10 per lb, New Mexico's reserves are exceeded only hy the n.s. exclusive of 

tlew !V!exico, South Africa ano Australia. The current unfavorahle JY\'irket and 

proouction econanics could, hONever, alter the state's reserve hase in CO"''­

parison to foreiqn proilllcers. A canpn,rison of international uranium reserves 

prcxJucible at $'10 per lb is iiS follCMs: 

1\Jtst.ral ii1 1 

Sonth Africa1 

llnitr>t1 Stat-r>s (cxcl. 11.~1. )? 

~!l,lv rv'EYn:r/ 

e,mana 1 

Niq"'r
1 

7 
Source: Tllll,:xm, Novernrer l<l80. 
Sol Jrcf': mE I r:,J0-1 () () (fW ) 
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511,720 

4')7,2(10 

41l7,300 

448,700 

30fi,ll()() 

214,')()0 
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7\s of 

1 I 1 /7'1 

1/l/RO 

Table VII-1. New Hexico uranium reserves by cost categories, 1978-1980; 
$15/lb forwarn-ca~t category dropped in 1979; $100/lb forwarn-cost cateqory 
anded in 197!) {rJ.S. Deparbnent of Energy, 1978, 1979a, 1980a). 

F'orward 
c::o:st 

r:,\tf•qory 

S1'1/lb 

$30/lb 

$1)0/lb 

$100/lb 

Year 

197R 
197(} 
1t')fW 

1Cl78 
1979 
1980 

1978 
1979 
1980 

11::08 
197'l 
1980 

Tons ore 

111,300,000 
R5,700,000 

Not included 

318,000,000 
309,700,000 
255,700,000 

547,100,000 
53C},000,000 
4R?.,400,000 

l'Jot included 

0.20 
o. 7.2 

0.12 
0.12 
0.13 

o.oq 
0.09 
0.09 

Not inclurled 
670,500,000 0.08 

'T'ons 
npg 

222,000 
1'l0,900 

367,700 
375,000 
338,000 

465,000 
473,900 
448,700 

512,300 

Percent of 
total n.s. 
reserves 

fiO 
66 

53 
54 
52 

52' 
52 
4ft 

46 

Nurnrer 
of 

pr()J.Jerties 

106 
89 

174 
155 
140 

177 
175 
181 

183 

Table VII-2. Comparative distribution of domestic uranium reserves in the 
S50 /lb foJ::Ward-cost cateqory, .January 1, 1 C}79-January 1, 1980 

(O .s. nepartnent of 'Rnergy, 1979a, 19ROa). 

Percent total No. 
State 'T'ons ore * npg 'T'ons u3o8 n.:=:. (tons np8 l Properties 

nc.v Mexico S39,000,000 0.09 473,900 S2 175 
wyominq '104,100,000 0.06 287,300 31 776 
'T\~XciS 97,100,000 0.05 4C},600 ') 136 
Others* 159,800,000 0.07 101),200 12 1,225 

New Mexico 4R2r400,000 0.09 448,700 48 181 
l~orninq ')10,900,000 0.06 314,700 34 283 
'T'exas 104,400,000 o.os 55,800 6 135 
others* 173,300,000 0.06 116,800 12 1,150 

* Inclm1es Alaska, Trrizona, C:alifornia, Colorado, Idaho, Montana, North Dakota 
oreqon, South nakota, ntah ann Washington. 
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'Tahle VII-3 shews preproouction and PJStproouction inventories of n3o8 in 

NC'\!J !'-1exicx' ani! inriicates the grade ranqes within which rrost of the state's 

n!S<'t:Ves are includ~'!<l. Inventories are canpiled hy the DOF: using CC'Il'lpal1y 

ilril1inq nata fran inr1ividual properties. The preproduction inventories are 

cumulative tonnaqe-grade distributions of n3o8 prior to proouction; postpro­

rlnction inventories represent. in-place ilistrihutions of n3oR after subtracting 

all prcrluction l:efore ,January 1, 1980. Since all rnterial that llEets minimal 

r'1i.ninq t_hickness and is equal to or exceeds 0.01 percent n3o8 is inventorieil, 

all p:Jstproouction inventories cannot l:e considered to l:e econOf"lically re­

coverahle reserves; hcwever, sane 70 percent of New Mexico's current post­

pro1uction inventory JYlaY h9 consiilered recoverable at costs of $50-per-lh or 

less. 'I'he halance of JXlStproouction inventory at grades equal to or he low 

0.05 t=:ercent np8 must te prc:duceil at substantially hiqher costs, perhaps 

through improve(! technology as yet undeve1opei1. 

Post production inventories of the state's uranium reserves are also 

important to illustrate ho.v new reserves are added annually as production is 

suhtracten. Roth categories sho.vn as cumulative tons of ore inventoried at or 

amve miniMum granes from 0.01 percent np8 to 0.2"i percent u3o8 (Table 

VTT-3). 

The rulk of new reserves adderl in New Mexico c::x:xres fran the San ~Juan 

Rasin, either as new rteposits rteveloped tasinward fran the older knCMn ae­

posits or as extensions of the older rteposits. 

ore grade 

Ore grade is (::!Kpressed as the percentage of n3()
8 

contained in a ton of 

nranilJJll ore. New Mexico's sandstone deposits have typically averaged al:out 

O. 22 percent n3o8 although averaqe production arade has teen declining 

steadily so that the average was only 0.11 percent o3oR for the 197CI pro­

duction year. The national average is also 0.11 percent for 1979. 

':'able VII-1 also illustrates the important relationship of ore grade to 

forward-cost reserves. l\s can 1:-e seen, the n~r of new individual ilep::>sits 

t.hdr h><~O!JE avai lahle increase as t.he forward-cost increases, permittinq 

< 'ConotTJic recovery of nraniLUTI in the lower grade categories, More tons of rock 

mw;t: thf:refore 1:-e processed at higher costs to extract a pounn of "yelloocake" 

cw n1oA concentrate. tt shouln 1-e nott->d that although New JVIexico' s uranium 

n•s•~r~s are relatively high in car1parison to other uranium prcrlucinq states 
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Table VII-3. Preprcxiuction and p:Jstprcxiuction in New ~ico uranium 
inventory, .1anuary t, 1980. Preproduction inventories of ~0~ are 
cuPlulative tonnaqe-grar'le distribJ.tions of individual prope i s prior 
to production. Postproduction inventories reflect in-place distribu-
tions of U p 8 after subtracting all prcxiuction prior to January 1, 
1980 (n.s. Depart.rrent Of Enerqy, 1980a). 

~1in i.murrl f:umulative 
Ctrade Ton.s of Ore 

('~ H::Psl (Millions) 

----·-
0.01 1,317 
0.02 979 
0.03 715 
0.04 546 
o.os 432 
0.06 3'12 
0.07 293 
0.08 247 
0.09 212 
0.10 183 
0.11 160 
0.12 140 
0.13 124 
0.14 111 
0.15 qg 
0.16 89 
0.17 80 
0.18 73 
0.19 fJ7 
0.20 n1 

0.01 1,124 
0.02 906 
0.03 642 
0.04 473 
0.05 360 
0.1)6 280 
0.07 220 
O,OH 175 
0.09 150 
0.10 130 
0.11 113 
0.12 qq 

O.ll RR 
o. 14 78 
(). J s 70 
0.16 63 
n.n 57 
O,lR '11 
!).lfl 47 
0.20 43 

----

PREPRODTJ<;TION 
Avo. Grade (% npR) 

of Cumulative 
't'ons 

0.06 
0.08 
0.10 
0.12 
0.13 
0.15 
0.17 
0.19 
0.21 
0.22 
0.24 
0.26 
0.27 
0.29 
0.31 
0.33 
0.34 
0.36 
0.3R 
0.40 

ffiS'I'PROOUCTION 
0.06 
0.08 
0.10 
0.12 
0.13 
0.15 
0.17 
O.lq 
1).21 
0.22 
0.24 
0.26 
0.27 
0.2Q 
0.31 
0.33 
0.34 
0.36 
0.38 

40 
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Cumulative 
Tons np8 
("~"housands) 

792 
744 
fi83 
626 
577 
534 
497 
464 
435 
408 
384 
362 
341 
323 
306 
291 
276 
263 
252 
241 

648 
600 
539 
482 
433 
390 
353 
320 
300 
281 
265 
250 
235 
222 
211 
201 
1<n 
182 
174 
166 
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and nations, this p:JSition could l:e seriously eroded if production costs in 

Nevv Mexico continue to increase with ever deeper, lower qrade deposits. Only 

some new technoloqy such as in situ solution mining may ultimately allow such 

de<-''P depo!"its to ~ econanically exploited and to cO!Tipete with lower cost 

foreiqn and domestic deposits. 

The Grand L1unction Office of the OOf' (U.s. Department of Energy) also 

publishes New Mexico SSO reserves as a function of qrade, tons or ore, ann 

numhers of property. A deposit may he divided amounq several ownerships or 

properties although rrany (;rants ~,ineral Belt uranium deposits are one-owner­

ship properties. 

National reserves by cost cateqory as of January 1, 1980, are shown in 

Table VII-4. T>urinq 197q (1/80), reserves at $30 per lb actually decreased 

due to rising production costs thus rrtakinq less uranium available at that 

price. Some 40,000 tons of u3o8 \1\lere added to the $30 per lb reserves fran 

new discoveries and additions fran extensions of known deposits. Due to 

inflationary costs, 66,000 tons were rem::JVed, and 19,000 tons were depleted 

through mining. 

In the $50 per lh category, sane 93,000 tons of np8 were added, in­

cluding 64,000 tons up8 frm new deposits ann 29,000 tons np8 fran addi­

tional reserves on know properties. '1\olenty thousand tons were mined and 

57,000 tons were lost throuqh cost increases, resulting in a net increase of 

~ 16,000 tons up8 in the $50 per lb cost cateqory. New Mexico contriruted 

SOI'l'e 25,000 tons to $50 per lb reserves, hut rost of the net increase was fran 

Wyoming. 'Reserves recoverable frcm solution mininq (in-situ) as well as 

byproouc-t recovery (phosphates) are included in total danestic reserves. 

Land status and location 

New ~1exico uranium reserves are located on private, federal, Indian, and 

state lands. Table VII-5 shows the $30, $50, and $100 per lh forward-cost 

reserves by mineral a.vnership. State lanos hold only two percent of $50 per 

lh uranium reserves, Indian lands account for 18 percent; fed.eral lands, 26 

percent, and private lan<ls had 54 percent of the state's $50 per lh uranium 

reserves. 
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Table VII-4. Historical national uranium reserves hy cost category fran 
1/1/fiS to 1/1/80 and changes in these reserves during 1979 (U.S. Tlepartment 
of Energy, 1CJ80a). · 

$15/lb 
As Of Tons u3o 8 ---

1/1/65 
1/1/66 
1/1/67 
1/1/68 248,000 
1/1/69 265,000 
1/1/70 317,000 
1/1/71 391,000 
1/1/72 520,000 
1/1/73 520,000 
1/1/74 520,000 
1/1/75 420,000 
1/1/76 430,000 
1/1/77 410,000 
1/1/78 370,000 
1/1/79 290,000 
1/1/80 225,000 

January 1, 1()79 Reserves 
New Properties 
Reevaluation-~nditions 
Reevaluation-Suhtraction'3 
Oepletion-Prorluction* 

,Tanuary 1, 19RO Reserves 

* 

$30/lb $50/lb 

Tons nP8 ""ons n 3oR 

634,000 
600,000 
640,000 
680,000 840,000 
690,000 890,000 
690,000 920,000 
645,000 93f:i,OOO 

afANGES IN URA"UfJr-1 RESERVP.S 
nurinq 1(l79 

$15/lb $30/lh 
fl30R 0308 
---

2QO,OOO 690,000 
1,000 20,000 

0 20,000 
(52,000) (66,000) 
(14,000) (19,000) 

225,000 645,000 

S100/lb 
Tons n30R 

1,122,000 

$50/lb 
n3o8 

920,000 
64,000 
29,000 

(57 ,000) 
(20,000) 

936,000 
-

Includes erosion, i.e., the amount of uranium-bearing material not recoverable 
in the future as a rr~sult of the mining of lower cost-reserves in 197(). 
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Table VII-5. New r1exico $30, $50, and $100 per lb forward-cost urani1.llTI reserves by 
mineral CMnership durinq 1979 (U.S. nepartrrent of Enerqy, r.rand .Tunction Office). 

Land (Mineral) OWnership Reserves (tons u3o8 ) 

$30 per lb. $50 per lh. $100 per lb. 

Private* 189,400 243,100 267,900 

Pederal** 90,300 116,200 139,400 

St.ate 7,000 Q,100 9,100 

Indian 51,000 80,300 9S,900 

TCY.I'AL 338,500 448,700 512,300 

* include patented and hcrnestear'l with no mineral rights reserved, land grants and 
r.ailroail lands. 

** include unpatented, homestead with mineral rights reserved and AEC withdrawn lands. 
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Potential resources 

Resources include roth reserves (defined resources) as well as p::>tential 

resources (incompletely nefined or as yet undiscovered). Potential resources, 

like reserves, are experssed in selected cost cateaories to cover the range of 

current economic interest. finlike reserves, JX)tential resources occur on 

tmdeveloped properties and their cost categories ($30, $50, and $100 per lb 

u3oR) must reflect front-end or sunk costs such as land acquisition, iirillinq, 

and development costs necessary to establish them as actual reserves. Poten­

tial resources, as a geologic endCMmemt, are divided into three reliability 

categories: (1) probably, (2) possible, ann (3) speculative. 

1) Probable potential resources - those estimated to occur in 

Jmo.v productive areas (i.q. Grants Mineral Relt) or their 

extensions. 

2) Possible potential resources - those estimated to occur 

in undiscovered or partly defined deposits in formations 

or qeologic settings productive elsewhere within the s~ 

geologic province or subprovince. 

3) Speculative potential resources - those estimated to 

occur in undiscovered or partly definerl geologic set­

tings not previously productive or in geologic provinces 

or subprovinces not previously productive. 

standard ~rethodology using geologic analogy 

reoloqists estirrate potential uranium resources by applying qeologic 

criteria of kno.vn depJsits to geological forMations or settings in unexplored 

or partly explored areas. IITIJX)rtant geo~ogic criteria include lit.hology, 

envirorurent of depJsition, rock alternation, geological structure and geo­

chemistry, and perhaps known uranium occurrences. After a favorable host rock 

or area has teen selected u..sing these criteria, the quantity of uranium po­

tentially containei within the geologic host or envirol111'ent is estimated. 

Parameters include the volt.nTE of uranium-l:earing rock per unit area, the 

average grade of mineralized rock in percent up8 at pre-selected cutoff 

grades, and finally the potential uranium resource in tons u3o8 (not tons of 

ore hut tons of eguivalent np8 ). 
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Estimates of New Mexico uranium resources 

In Ne~Y Mexico, potential uraniUf'l resources occur in at least 2'i qeoloqic 

forma.tions distributed dP()nq four physiographic provinces. 'rable VII-6 shCMs 

prorehle, possible, and speculative 'New Mexico p::>tential uranium resources by 

physiographic province, sub-province or area, geologic host rock, and volume 

up8• Fiqure VTI1 sha,.;s the physioqraphic provinces and resource areas sig­

nificant to uraniwn reserves and resources of New Mexico. 

Potential resources are constantly heinq converterl into known reserves as 

exploration drilling expands into frontier areas, thus, oepletion of reserves 

through production is auqrrenterl to a deqree by the aiidition of p:>tential 

uranium resources. 'rhe percentage of 1%8 potential resources in the Uniterl 

States and the Grants Mineral Relt that have ~n converterl to reserves and 

pnxluction is shCMn in Table VII -7. The percentages of total resources that 

are considere:'l potential resources are also shown in adC!ition to curnulative 

production and reserves. 

In New Mexico, host rocks in frontier areas not shown in table VII-8 that 

require further study, or that have received limiterl attention in the past are 

listed in ~able VII-7. 

Potential uranium resonrces in New Mexico occur in all of the state's 

four physiQ<:fraphic provinces includinq the Colorado Plateau, Rasin and Ranqe, 

Great Plains, and Southern Rocky Mountains. 

The San Juan Basin of tl1e Colorado Plateau province accounts for ahout 99 

percent of the probable and JX>Ssible uranitli'l resources in the $50 :per lb n3o8 
cate<:!Ory, but for only alxmt 2. 5 percent of resources in the s:peculati ve 

category. This difference is an indication of the degree of exploration 

drillinq in the plateau area carrpa.rerl to other aeoloqic environrrents within 

the state. The second greatest p:>tentiaJ for prohable and p:>ssible dep:>sits 

VK)Ulct apr::ear to he in the northern portion of Ne\Y Mexico's Basin and Ranqe 

province, which embraces the Estancia ann Hagan Rasins between Albuquerque ann 

santa Fe where a oeposit in the Galisteo Formation has been nelineaterl within 

the past few years by Onion Carbide. on the other hand, an area of specula­

tiVP I:XJtential ctep:>sits appears to the the Great Plains province where little 

is as yet known from drilling and geological studies about the occurrence of 

11rcmiurn <lt nurrerous localities, ROJl'E of which have recorded minor past produc­

linn. 
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Figure VII -1. Physiographic provinces and resource areas significant to 
uranium reserves am resources in New Mexico (New Mexico Bureau of Geology) • 
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Table VII-6. Uranium resource areas of New Mexico showing type of occurrence or host 
rock by physiographic province and estima.ted [X)tential resources (rrodified after n.~. 
nepart.r~Ent of Energy, 1979b and 1980c). 

RESOURCE AREA C-..eology *Potential Resources (tons np9 ) 

Physioqraphic Province & Tectonic Elerrent Host Rock Probable Possible Speculative 

Colorado Plateau 
San ~Juan Rasin (Gallup Saq & Chaco Slope) Dakota 

Brushy Basin 
Grants Mineral Belt (Chaco Slope) Westwater 

'l'odilto 549,500 440,000 200 
Chama Embayrrent Burro C..anyon 
E. San Juan Basin (Cuba-La Ventana) Ojo Alarro 
East 1'1agollon Slq:::e (Red Rasin) Baca 

Total Colorado Plateau 549,500 440,000 200 

Basin and Ran~e 
Estancia, C'-alisteo and Hagan basins Galisteo 
Rio Grande rift (Espanola Basin) Tesuque 
Ladron Uplift Popotosa 
I.ordsbrrq & Animas Valleys Basinfill (?) 500 1,000 500 
Burro & Pedemal uplifts Grantitic rocks 
.Tornado del Muerto Basin, 
Tularosa & Sierra Blanco basins Palm Park 

Cub MoWltain 

Total Bas1n and Range 500 1,000 500 

Southern Rock Mountains 
Brazos and Sangre de Cristo uplifts Pegmatites; 

granites 500 
Gallina - Nacimiento Uplift Chinle 

Total New Mex1co Rockies 500 

Great Plain.c; 
Las Vegas Rasin Rangre de Cristo 
'l'Ucumcari Rasin Chinle 7,000 
Sierra Grande TTplift Chinle 

Morrison 

Total Great Plains 7,000 

Total New Mexico 550,000 441,000 8,000 
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Tahlf' 'HI-7, Uranium resources in the• Gr<~nts Mineral Relt that ~lave teen =nverterl to reserves dl1rl production fran 196$ 
to 19!10 (1/1/RO) CCl'lfXlre<'l to the h1lance of IJ,S. (U.s. !'l8partrent: of. P.nergy, 19~0c), 

v~·.tr 

1 'IHfl 

<'l>Mnlative 
r_ro1nct: ion f.., reserVE •s 

-,[<;- ------ 0'111 --

Pnt•mtiill 
RPsources 
~(Ml 

'l'ons 

Total 
Resources 

~ Potential resources 
in total resources 

(JS (7-!A 

~ of 1968 potential 
resources converted to 
reserves & production 

ns c;.~P 

···---· -----. -------····~--~-----------------------· 
'140 1,440 110 1'>5 

1,1)~0 680 7.,100 '145 72 72 16 

non 415 2,'l70 1,B70 1,020 77 43 

1,4HO 600 2'10 4,030 8'10 32 104 

'l'ahl0 VTT-R. rbt•'ntial nrnniurn rPsource areas in N<>w Mexicn that rE<jllire further stuily sha.tina host rack, 
~'>nloqir, i1f}(", rtnrl l()("rttinn hy phys:oqrnphic prnvince ('Ne!W Mexico RttrPall of r~nloqy). 

Potential RFsource /\rea 
~---···-------·~···--

HC1Sln awl Range 

St>uthern Rocky ~lmtctins 

Host RocJ< --¥····-----

Hnsntch 
Sun .Tose 
Fruitlanii 
,.,.,r.efee 
Rurro ranyon 
P.ntracia 
Aqua Zarca ( d1 inl e ) 
Chinle uniiivicieii 
Alxl/rutler 

r.ravel arrl alluvium 
Santa Fa r.roup 
'T'hunnan/Palm Park: 
natil Volcarics 
Rspinaso Volcanics 
C:ub MJunt.a in 
Chinle 
Yntes 
r,j la Conolcxnerate 

Santa F'e €1roup 
Sanqe de Cristo 
Crysta 11 i nes & M<'taf!10rphics 

C.thmrt 

Oq.1] l.1l;, 

o.ant.1 Rosa {Chinle) 

Chinle unnivicieii 

sanqrC' ne Cristo 
/\l:xJ 
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reoloqic Acre 

Tertiary 
Tertiary 
rretaceou.'l 
Cretaceous 
Jurassic 
Jurassic 
'triassic 
Triassic 
Permian 

(luaternary 
Tertiary 
Tertiary 
Tertiary 
Tertiary 
'l'ertiary 
'rriassic 
Permlan 

San ,Juan Rasin 
san .1LJan nasin 
san ,Juan Rasin 
San ,Juan 'las in 
Chama Basin 
Chana Rasin 
Nacimiento tlplift 
Chaco Slope 
Nacimiento Uplift 

Hueco MJuntains 
Rio r.rande Rift 
rarnllo Mount.ain..s 
San Auqustin Plains 
T.,a llajaila 
Sierra Alan= 
southeast New Mexico 
southeasl New Mexic'O 

ruaternary-Te~t. Southwest New Mexico 

Tertiary 
Perrro-Penr.. 
Precamhr ian 

Ouaternary 
Tert i.uy 
'l'riassic 

Triassic 

Perrro-Penr. 
Penni an 

P.spanola Rasin 
Sanqre ile rristo uplift 
Rrazos and Sanare de Cristo 

nplifts 

T.a..er Pecos River va 1ley 
Hiqh Plain!> & Llano l'stacado 
"iJCUil'Cari Rasin, Sierra Grande 

Arch 
Sierra Gran<le Arch, Pecos River 

Valley 
r.as Vegas Basin - Raton Basin 
Pecos River Valley 

50 

!6~ 
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Accl~~acy of c1ata 

As is implicit in their definition, rotential resources decrease in 

accnr<iC"J fr(JTI prohahle to sreculative. Tn order to iMprove the reliability oi: 

resource estimates, the P .s. f'epari::Plent of E:nerf]'J is continually e.xper:i.rl1entinq 

with new rrPthmol<XJV, for i nstan<Ce, usinq <Ccmputer-h3se1 qeostatistical 

ITOJE>}S. 

Specul<1tive prohabil ity using geologic analoqy approaches to JX)tential 

t·r~sour<X' estiMation h<1ve l-een testerl in New Mexico for the San ,Juan Rasin 

ut il iz inq a representative sanplinq of qeo lcxlists fr0'1 industry, qoverntT'Ient, 

nnil acac1emic fielils (ElJis et al., 19711). It is interesting that the sub-· 

jective probctblity !OCX1el results canpared quite closely with that of a geo-· 

statistical 11rink !OCXlel flown to 0.()1 ~rcent n3o 8 orade ranqe (Table VII-9). 

At grRdes of n.nl per<CPnt n3o8 and h:~lCM, the oeostatistical rrodel usin9 

<Crust.a1 abunrlance calculations, indicated extref'1ely larqe resources, whereas 

the geoJoqists' prohahility rrodel rlid not. C:rustal ahmdance of uraniUJTl , 

unforhmately, includes tonnages that n.re contained within neeply l:urie<'i veins 

or are rJisseminated within haseiT'IE!nt rrystalline rocks, roth occurrences not 

readily accessible as resources. 

Table VII-9. Canparative estimates of New Mexico uraniUITl resources sha.vinq 
the n~sults of the subjective proh."lhilitv (aeoloaic analc:xzy) rrethod to 
Brinck's crusta1 abundance geostatistical rn::XIel (Harris, 1978). 

_Q.lQ 

RocK r1ATER IAL 

(SHORT TONS) 

~~O_.ill_~-

ROCI< :1ATERIAL 

(SHORT TONS) 

U308 
(SHORT TONS) 

- -------- ··------······ 

BASED ON: 

BRINCK MoDEL 

SUBJECTIVE 

8.43 X 108 

P!WBABILITY r1oDEL 6.09 X 1(]8 
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1.10 X 106 

1. 2G X 1 'Jfi 
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NURF. program 

The purpose of the NURE (National Uranium and Resource Evaluation) pro­

qrar'l of the rxw: is to acquire and ccrnpile qeoloqic an,1 other inforrration t.o 

.'lsSf~ss the maqnitune and nistrih.1tion of uranium resources and to detemine 

an~n.s of f'avorahility for the occurrence of uranium in the flniten States. 

Contracts <1rc awarned hy mE to various fims and institutions throughout the 

flnited Stdt.es which have deT'lOnstrated or proven their ahil ity to conduct these 

studies in a profess iona 1 manner. t-Jew Mexico based institutions presently 

involver'! 111 NllRP contr-act work inclurle LMTL (Los Alanns National T.ah:xatory) 

of the Hniversity of California, Sandia TJamratories, T'Jew Mexico Rureau of 

i'1in~s anci rl!ineral Resources, and the nniversity of NON Mexic'O. 

'rhe NORE prcqram strategy involves three successive work phases, inclun­

inq data collection, data evaluation, and, ulti.rnately, resource assessrrent of 

each map quadrangle. l\crial radianetric surveys, hydrogeochE!Tlical and stream­

sedirrent surveys, topical surveys, worln class resource investiqations, sub­

surface geologic investigations, technol oqy application, and resource estirrla­

tion JYEthodol<X.Ty are arrong those newer activities which are reing funned in 

the TJniteil States. ATM.S (airborne radia1etric n.nd maqnetic surveys) of 22 

quadranqles t-..hat are shared with surroundinq states were CO""pletecl for the 

!'JURE program. 'T'he 1 °-hy-2° quadrangles of the tTTMS (Notional "'opcx:rraphic Map 

Series) at a sc~ale of 1:250 ,ono were the msic work unit. In anoition, HSSR 

(Hydroqeoche.Jnical strea~n Sertiment Reconnaissance) and land status maps at this 

scale <'Ire t:einq prepared for puhlic release. Other data-qatherino approaches 

used hy the 1\TIJRE pr(l(Jt"arr1 utilize qeoloqic, qeochernical, and qeophysica1 

ITEthoils in a nnre nirec't way, such as in the East rhaco Canyon rlrillinq pro­

ject-.. NTJRF. projects are sur"''rBrizen in G,mx-11 ( RO) (Bendix T?ield t::ngineerina 

Corp., 1 flfH'c) ent.i tlecl 7\nnnal Activity Rep:Jrt, oaten r-~arch l9RO. 

':'he f\fl.st rhaco Canyon dri 11 inq project of NHRE consisted of 15 l::nreholes 

nr i 11.~ in the Chaco Canyon arer~ of t_he .C:;:m ,1uan Rnsin for the purpose of 

obtaining subsurface data on rossihle hasinwarcl e.xtensions of the P"Jineralizen 

Mo rr:-ison Formation in the C'rownp:>int and Nose Pock areas. Of 1 S holes dri 1-

lcd, four intercepted uranium mineralization at nepths ranginq fran 3,975 to 

4 I fi70 feet. The mineralization was rerx:>rted to h:: within ooth the l}7cstwater 

r'anyon and the Rrushy Basin r4eml:ers of the Morrison Formation. A total of 

70,421 feet were drillm, an1'l, of this total, 4,q3R feet were coreil. ~"itho--

1<x1ic ond cJeOphysical loqs were taken of each dri1l hole, and a cx::mprehensive 
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study of the cores was rmde hy the Geology Deparbnent of the University of New 

Nlexico (Hicks and others, 1980 ). The conclusion of the drilling project has 

h~cn that environments favorable for the occurrence of uranium exist for con­

siderable distances basinward fran known Grants Mineral Belt deposits. nata 

fr~ the Chaco drilling project are presented in a report hy the Bendix Field 

P.nqineering ~orp:m''ltion ( 1980h). 

l·:(litor's Notes- By <Jet ol the Legislature, a new county, Cibola County, 
was created effective in July 1981. Cibola County comprises what was 
formerly western Val0ncia County with Grants designated as the county 
scat. As far :1s can hL• ascertained, all uranium statistics cited in 
this report for Valencia C01mty will be applicoble to the newly creat­
ed Cibola County. 

148 

Access ID No. 04133 US-NAUM0054297 

US-NAUM0054133-00165 



• 

CHAPI'ER VI II 

nFl"Al'if' - PP{)[)!JCTION (l)NSIDERATICJNS FUR 

NEW MEXICO'S URANIUM 

'lhis c:hapb:r will h~ n i viilm into several section.<> coverinq the following 

topics: 

1) h1storica l forecasts ann present trends in installed 
electric generating capacity 

2) forecasts for uranium requirements 

3) New Mexico's share of historical pronuction 

4) resource base for uranium 

5) possible c'lemand for New Mexico's ttranium 

~) reasons why production in New Mexico may not equal 
possible nef'li31lil 

7) the present situation in the uranium market 

Tl sing the information fra:t international, OOE (TT. s. nepartment of Enerqy) , 

ann private Bources, it woul<'l appear to this author at the tirre of writing 

(Auqust, lC}flQ) that New Jl~ico's present uranium reserves or their equivalent 

fran the resource base are totally ca:nmitted for supplyinq uranium for the 

world's nuclear reactor proqram and that New ~'le.-cico' s producers should expand 

prcrluction capacity within the next several years if an orderly developl"Tlent 

of nucleilr rnwer is to h:: achievec'l in the free worlc'l. 

Historical Forecasts ann Present 'l'rends 

t)rojectin(J c1GJTBnc1 for- any resource has TTBny p::>ssibilities for error; 

howeVBr, if reusonilble planninq is to m undertaken, it is helpful to make the 

l:est possible projections of what may re the cternand for the resource in CCJ"linq 

years. 

Tn the cas: of enerqy consuroption in the TTnited States, historical <ierr~anc1 

projt~ctions nCM appear to have l::een tm high. Many forecasters have assUJTlen 

that grCMth in GNP ( qross national product) was tied to a similar or hiqher 

rab> of qrowth in enerqy consumption. F.ach year from 1973 to 197(), however, 

149 

Access ID No. 04133 US-NAUM0054298 

US-NAUM0054133-00166 



the enerqy/GNP ratio has declined. This decline is at least in part due to 

the rapid increase in enerqy prices in that period ("RIA 1 1980). 

nurinq the past oecade, the annual rate of increase in total electrical 

generation averaoed 4.R percent. In their present projections, howe,IE!r the 

DOF. 's F.IA. ( P.nerqy Information Administration) is usino an annual rate of 3. 2 

percent in 1'180 and 2.R percent in 1981. 

Not only are utilities cutting h:>ck on construction of nav facilities 

because of the reduced projected qrowth rate of electrical demano, but many 

United States utilities have been under severe financial constraints, and, in 

sC>I'l'e cases, ha\ie not ~n able even to replace old units (Nucleonics Week, 

1980). Thus, since nuclear energy is directly tied to generation of elec­

t.rici ty in the non-military sector, cuth:icks in the rate of construction of 

electric generating stations has meant that nuclear stations have not tEen 

constructe<~ as quickly as was previously forecasted. In addition there have 

reen the uncertainties due to the failure to resolve waste disposal probleMS 

in a timely manner. There are also the questions of safety, insurance, retro­

fit, etc., raisecl ty the Three ~1ile Island accident. These issues have also 

caus~ utilities to delay committino to nuclear facilities. 

Por the long term, the question of rate of grOO\lth of usage of electric 

pc""'er is scrnewhat uncertain. While the ratio of total enerqy use to GNP is 

P~cted to continue to decline at least for a few years, it is not clear what 

the "enerqy mix" will ro (Worlo Energy Outlook, 1979). F'or example, indust:ry 

and tlle dorncst.ic sector my switch fran direct use of oil to electricity. 

Furthermore, the "enerqy mi.x" in !-.he generation of electricity is also uncer­

tain. Oil and gas-fire<'! plants will certainly be phased out, rut the rate of 

phase-out is aqain uncertain. Coal use may tecorre urrpopular if the harmful 

effects of acid rain ann other environmental problems from l::urning coal l:::eCO!T1e 

wine-spread or if transpxtation systems for coal cannot be ruilt or are 

prcJVt~n tmreliable. Several cold winters when coal cannot re transported to 

generating stations could (Uscouraqe its use. 

Nuclear p:JWer stations may recane rnre popular if rreaningful steps to 

neal with spent fnel are taken, ann the price of nuclear generated ~r is 

below that of' coal. On the other hand, if spent fuel cannot re disrx>sed of by 

utilities, if licensinq or construction tecomes too expensive, or if severe 

ar.ciilents occur, utilities will probably decine against construction of nav 

nuch•ar stations. Political decisions to limit use of certain fuels could 

also influence the energy-use mix. 
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There is also a questinn of tne rate of grCMth internationally of nuclear 

enerqy. Several nations, however, have already Wldertaken an aogressive pro­

nuclear proqram, priMnrily due to their lack of alternative sources of enerqy. 

t\lhi le SOI'JB COWltries outs ire the Tlnited states are reprocessinq spent fuel and 

moving toward c~rcial breeder-reactor technology, it appears that reproces­

si nq ann the nse of breeCiers will not have a major effect on uranium con­

surlption in nuclc>ar r:ower qeneration worldwide for at least the remainder of 

tht: ~ntury (Organization for Econorrtic CCX>peration and Developrrent, 197()). 

'T'he F.Il\ (F.nergy Infonnation Jl.drrlinistration) publishes a reJX>rt to Con­

gress each year. 'T'hf~ reaner shouln refer to tJr.is publication for rrore in­

formation fran tJ1e federal goverrunent on forecasting, rate of energy 

growth, ann energy mi.x. 

~irement Porecasts for tlranium 

Pcquireoonts for uranium can 1-e considered in several ways. Every year, 

OOE undertakes a rnrketing survey to c'lete:rnine both foreion anCl domestic sales 

canmitrrents hy Unitec'l States uranium sellers and to c'letemine myers unfilled 

requin~nts. These n1JJ'11l:ers can then l:e ccrnbineil to give TJnited States yearly 

marketing nernand as a function of year. rrhus, "market !leMann" reflects pro­

.::urc.rrent, inventory, and use practice of buyers and sellers. The 1Q7Q survey 

results are shown in Table VIII-1 (Cc:nhs, 1q79). 

In addition to rrarketim1 ilef'lo:t.nds, the actual yearly requireJTents can J::e 

forecasted by relating on-line nuclear qeneratinq capacity with such items as 

0-23'> reJmininq in tails, fuel efficiency, ancl on-line generation tirre, etc. 

Nuclear fuel regnireJl'lt?nts are ilius the physical guantitites minimally required 

to r;aintatn tlle asswred nuclear }JO\'IIer programs. Table VIII-2 innicates no­
~stic yf~arly use demand as projectro hy EIA whih'! 'T'able VIII-3 in<'licates fuel 

rlenan<1 as projected by NPF:XCO (Nuclear Exchanqe Corporation), a private 

canpany. 

Dema.nd can also J:x:o consicleren in the context of total derrtand required to 

supply the needs of a reactor for its projected 30 year lifetirre, or dOTTestic 

n~actor l ifetirne requirements. 'T'ahle VIII-4 indicates several different pro­

ject ions for i nstallP-<""1 capacity in the rJnitec'l States, while 'T'able VIII-S in­

rlicatPs the present stntus nf nuclear plants. These tables wiJ I be used in 

re l /=tt inq 1 i ff~tirrp needs to the reserve mSG in one of the next sections. 

Hequiresnents For uranium should l'"E projecte<'l not just in terms of danes­

t:ic n~quircr-ents hut. ,1lso as ~A (World Outsic'le Ccrntn1..mist Areas) neeos. 
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'Pable VIII-1. OOE Survey, marketing <lemand as of ,Jaunuary 1, 1979. 
of tons n3o'J; (Cartbs, 1 <)7<}). 

DoMestic Pr:irna.ry IX:lmestic 
Year of Sources to 

* 
Oriqin to Unfilled 

Delivery Danestic Buyers F'oreign Buyers Requirements 

1979 19.1 2.6 .4 

1980 20.0 1.6 1.1 

l9Rl 1().3 .8 3.3 

1<)8/. 19.4 .5 4.2 

1983 17.8 .s S.f' 

1<)84 14.1 .4 9.5 

1985 12.8 .4 12.0 

1986 10.9 .25 14.9 

1987 10.') .25 17.0 

1988 9.5 .25 20.3 

1989 CJ.4 NA 23.7 

1990 7.3 NA 23.S 

lt)t)l-2000 11).3 

* includes Clptional quantities 

** ncqlectinq possihle foreign sales 

152 

Access ID No. 04133 

In thousands 

Total 

22.10 .. 
22.70 

23.40 

24.10 

23.90 

24.00 

21i.20 

26.05 

27.75 

30.05 

** 33.10 

3o.ao** 
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Table VITI-2. l?RO EIA Mid <:ase Projectio!l.]: of Future Yearly Milled {:ran~um 
Needs for the Unlterl States 1.n Tons of U p 8 ; (C:lark, pe.rsonal cartnunlCat~on, 
August, 1980). · · 

Year ReguirE311ents for Milled Uranium 

1979 14,325 

1980 15,025 

1<)81 115,552 

1<)82 18,297 

1£)83 20,S24 

1984 22,212 

lC)Rr; 22,Q()2 

1986 22,902 

19~n 24,252 

1988 25,'513 

1989 2S,811 

1')90 25,822 

1995 1(),484 

2000 37 ,fl39 

~00S 44,930 

1 
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'rnbl~ VHL-3. t<mo Nuf>_xco Projections of Future Uranium Consumption for the 
!lnitcr1 Atat~s in Million Pounns n

3
nR Equivalent. Ccnpiled and computed on a 

rcactor-hy·-reactor hlsis, quantit1es for each reactor are b:lsed. on spE'!Cific core 
char.wteristics, (). 2 percent tails assay, no recyclinq, 24 rronth lead tirre for 
procurinq first cores ann 18 months for eaC'.h reload, and individual reactor 
capn.ci ty factors estif!late::'l by NHEXCD (except 1 q79 when actual fiqures were 
used ) ; l':Juc lr~ar Fuel, Apr i1 FHlO ) • 

Reactors Reactors 
No.v Reactors No.v Now 

Year Operational Under Construction On Order Total ll.S. 

1979 Hi.J 8.5 0 24.8 

l<)R(} 17.6 10.<) 0 28.5 

1QRJ 1'1.7 ]().7 0 37.4 

1 '1fn 17.A n. s () 39.<) 

J(\P,) 1 7. 9 7.4.6 ?.fl 44.4 

1')84 lfl."> ?.3.11 ?.4 44.2 

198') 18.4 ?1.1 4.R 4n.4 

1'1 (l6 17.8 25.1 4.4 47.5 

1()87 18.3 2'1.') 4.3 48.1 

1988 1A.4 25.') S.6 4q.6 

lqfN 18.3 2'1.7 7.R !:11.3 

l'NO 17 .R 75.2 7. 3 "10.3 

154 

• 

Access ID No. 04133 US-NAUM0054303 

US-NAUM0054133-00171 



Tahh~ VITf-4. ~1idtem NuclPar Pcwer Capacity in C~rcial OJ)eration: O:mparison 
of F'oreca.sts, l<J85-1CI95 (Giqawatts at Vear-enii); (fl.S. F.IA, 1q79). 

Source 1CI85 

l<J79 rnA Annual "Rer:-nrt • Rfi-109 

197K ETA Annua 1 R~p:~rt • • 102-11A 

1977 P.IA Annual Report • • 100-12?. 

OOE Utility .Survey (,January 1"180) 122 

Data ~esources, Inc::. {necenh:-;r 197Q) • 104 

P;1ce (October t 979). 82 

F.xxon (Decer1rer 1979) 123 

National r.:lectric ~e-liahility Council (<Tuly 1979) 134 

Nuclear R0qulatory Commission • 98 

t.Yest inahou.sR roqxKa.t:lon P"arch 1 fJ80) 103 

na!Jc::x~l: & ~·Jilr:ox, r-tcnermott rorp. (r-1arch 19AO) • 105 
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1990 1995 

121-139 137-160 

142-171 186-225 

157-192 

169 177 

13!1 158 

133 185 
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':'ah le VIII -5. Status of United States Nuclear Powerplants as of March 31, 1<180; 
(!J .s. RIA, 197<)). 

Net 
Roilinq Pressurize(! ~>tegawa.tts 

Water Water 
* 

Total Tota:~ 

Hcactor St.:ttus Reactors Reactors Reactors Capac:~ 
-

** Operatin<1 . . . . . . . . ?.6 42 3 71 52,200 

('onstrucLion PF>mit Granterl 2R 60 0 88 %,700 

10 Percent Canplete or Better 19 42 0 fi1 66,900 

T ~~~JS 'rl1<1n 10 Percent COMplete 6 11 0 17 19,300 

No ('onstruction . . . . . . . . 1 7 0 10 10,500 

Hnde r Cons tn tction Pennit Revie.'l . 7 6 1 14 lfj 1300 

On'lt~r . . . . . . 0 3 0 3 3,500 

1\nnr:llmccil . . . . 0 0 0 0 0 

'T'otals . . . 61 111 4 176 Hi8, 700 

* 

** 

Incluoes one high-temperature C{3s-cooled reactor (Fort Saint Vrain), one liquid fast 
hreerlcr teactor (Clinch River), and two OOE-owned reactors (Shippinqport and Hanford N). 

lnclunes two OOE-owne<'1 reactors with a canbined capacity of <)40 MWe, 'I'hree Mile Isl;:md 
( 906 r'JI;ve) which was shut c"l.own due to an accident in March 1 q79, and Humh:>lt Bay 
(65 ~~vo) which was .shut Clown for seismic nxx'lifications. 

"'hrec tahles are i.ncluded to sha<~ the differences in range which various fore­

<-:;isb~rs r'Y"lY have for ~ yearly use requirerrents. '!'able VIII-6 shONs OECD 

(Organization for Econanic Cooperation and Developnent) projections, which 

l'1ay m sOf'leWhat high ~cause of the manner in which they were obtained, while 

r:'<iblf~ VII f-7 indicntes EIA projections and Table VIII-A gives NUEXCO projec­

tions. 

1'ahlG V1U-t) lists projected ~rrA nuclear generatincr capacity as a func­

t- in11 of yt>ar for recent forecasts fran OEm, Exxon, and EIA. Table VIII-10 

indicAtes the present status of l<DCA reactors. 
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Table VIII-6. OECD Uranium Yearly Use Requirement Projections for LWR Danin­
ated Single Cycle Strategy; (OECD, 1979). 

Thousand Tons u3o8 Thousand Tons u3o8 
Year I..av High 

1980 37.70 41.4 

1990 85.80 114.4 

2000 176.8 258.7 

Table VIII-7. 1979 EIA Projections for Uranium Consunption by ~ Countries 
Using EIA Series c in Thousand Tons u3o8 Equivalent; (Clark and Reynolds, 
1980). 

Year Total WJCA 

1980 36 

1985 51 

1990 68 

1995 85 
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Table VIII-8. 1980 NUEXOO Projections for Uranium Consurrption by ~ 
Countries in Million Pounds u3o Equivalent, compiled and computed on a 
reactor-by-reactor basis, quant~ties for each reactor are based on specific 
core characteristics 1 0. 2 percent tails assay 1 no recycling 1 24 rronth lead 
t:i.JTe for first cores and 18 rronths for each reload~ (Nuclear Fuel, April 
1980). 

Year u.s. Europe Far East other Total ---
1979 24.8 34.8 6.1 3.0 68.7 

1980 28.5 29.6 7.8 3.7 69.6 

1981 37.4 37.5 8.3 4.9 88.1 

1982 39.9 37.9 12.1 6.5 96.4 

1983 44.4 41.2 12.2 5.7 103.5 

1984 44.2 42.8 11.5 8.7 107.2 

1985 46.4 44.3 13.1 8.2 112.0 

1986 47.5 41.2 12.4 7.9 109.0 

1987 48.1 41.7 11.8 8.5 110.1 

1988 49.6 42.1 12.3 8.5 112.5 

1989 51.3 42.1 12.3 8.5 114.2 

1990 50.3 42.1 12.3 8.8 113.5 
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Table VIII-9. Installed Nuclear Capacity as a Function of Year for WOCA Countries 
in GWe; (oF:m, 1979; Exxon Corporation, 1979; Clark, personal camunication, Aug-
ust 19, 1980). 

(Low-case) 
Year OECD Exxon EIA 

1979 122.3 

1980 144.4 122.4 

1981 lfll.O 140.6 

1982 177.2 165.8 

1983 199.8 183.2 

1984 221.1) 201.1) 

1985 2EJ7.1 221.9 

1986 288.8 243.1 

1987 324.4 ~61.9 

1988 358.9 276.9 

1989 397.2 292.3 

1990 432.8 349 310.9 

1991) 616.8 406.7 

2000 832.5 602 

Table VIII-10. World~ide Nuclear Power Status as of the end of 1979; 
(Atomic Industrial Fo~, 1980). 

Status Reactors Net MWe 

Operable 166 70,200 

Under Construction 11)6 125,364 

On Order 33 27,472 

Planned 233 224,003 

Total 588 44 7,039 
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Historical Proouction - New Mexico's Share 

As was discussed in a previous chapter, New Mexico's n3o8 proouction has 

hi~torically averaged arout 45 percent of total United States proouction. 

Proiluction in 197Q ilrcpped belCM this average partly due to Joss of milling 

capacity when the United Nuclear Corporation tailings dam failed, and partly 

rlue to milling of some low grade ores {Hatchell, 1991). 

'!'able VIII-11 indicates historical production in ~A countries. This 

tahle shows New Mexico's share of WX'.A production to be hetween 18-21 percent 

in the years 1«)75-1978. 

'T'ahle vrn-11. Historical nraniurn Prcxluction ('!'ons n3o8 ); (OECJ) I 1979). 

p la.Ill'l43d 
CounL;y Pre 1975 1975 1«)76 1977 1978 1979 

A.rqentina 361.4 28.6 52.0 130.0 163.8 240.5 

Australia 10,140.0 0 466.7 462.9 670.9 790.0 

Brazil 0 0 0 0 0 133.9 

f;nnada 134,771.0 4,563.0 6,305.0 7,527.0 8,843.9 9,970.0 

Prance 25,390.3 2,250.3 2,432.3 2,726.1 2,837.9 2,834.0 

Garon 7,082.4 1,040.0 NA 1,830.4 1,328.6 1,300.0 

('><"!nnany 73.1 74.2 49.1 19.1 53.4 ·r-m 
.Tapan 42.9 1.9 2.6 1.Q 2.6 NA 

r1exiro 54.() 0 0 0 NA NA 

Ndf"'ihia 0 0 BS0.2 3,040.7 3,506.1 4,799.6 

Niger 4,344.() 1,697.8 1,898.0 2,091.7 2,678.0 4,290.0 

Portugal 2,247. 7 14().') 114.4 123.5 127.4 110.5 

South Africa <)1,098. R 3,234.4 1,585.4 4,368.0 5,149.3 6,753.5 

USA 248,300.0 11,600.0 12,747.0 14,940.0 18,490.0 18,730.0 * 
(New ~1exico l 5,191.0 fi,059.0 6,780.0 8,560.0 7,420.0 * 
?:airf' 33,2AO.O 0 0 0 0 0 

'1'17,407.8 24,788.5 28,716.7 37,507.2 44,070.1 

New llllc~xico --4- -~-·----·--

~'Kl~A .21 .21 • lR .19 

I< 

r~ctnal 
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The Uranium Resource Base 

There has ~en extensive exploration for uranium in some areas of the 

world While exploration in other areas has not been as intense. Based on the 

test available infonnation, estimates of roth United States and world uranium 

reserves (assured recoverable resources) have 1:Een made. The latest estimates 

for w:x:::A countries as published by OECD are indicated in Table VIII-12. New 

Mexico reserves as determined by OOE have been included to indicate New 

Mexico's position. It can oo noted that New Mexico contains approximately 16 

percent of the W:CA lew cost less than $30 per lb up8 forward cost reserves 

and 14 percent of the less than $50 per lb u3o8 foiWard cost reserves. 

Resources which are somewhat less assured than reserves have also been 

estimated for WXA countries. In the United States these types of resources 

are referred to as potential resources and have been defined and discussed in 

Chapter VII. 

~he relationship of New Mexico's reserves and resources to total domestic 

reserves and resources has been discussed in Chapter VII. 

Possible Demand for New Mexico's Uranium 

Not only is it difficult to forecast total demand for a resource rut it 

is even more difficult to forecast the demand which will be placed on a parti­

cular segnent of the supply base. 

As can be seen fran the data presented in this report, New Mexico his­

torically has had approximately 50 percent or more of total damestic 1~ cost 

rese.rves, jllet has produced on the average only 45 percent of the total do­

rrestic prcduction. For ~A countries, New Mexico has al:x:mt 16 percent of the 

total reserves, yet production has been around 18-21 percent of WOCA produc­

tion. 

In order to ITB.ke some sort of "first approximation" projections, hCMever, 

the following will be assu.rred: (1) demand for New Mexico's uranium will be 45 

percent of darestic rrarketing projections and 45 percent of u.s. uranium 

requirerrents, and (2) demand for New Mexico's uranium will be 16 percent of 

VO:A reguirememts. The results of ITaking these assumptions are given in 

Tahles VIII13 and VIII-14. While there is sane range in demand projections in 

these tables, it can re seen that the New ~ico output of 7420 tons npa in 

1979 must re exceeded by 1982 or shortly thereafter if New Mexico is to pro­

duce its share of the WDCA needs (as reflected gy the percentage of the WOCA 

resource base) and if the uraniurn stockpile is not depleted. 
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Table VTIT-12. OECD Reasonably Assured Recoverable Resources (Corresponds to OOE 
Reser-vr:s) as of ,January 1, 1979 in Thousand Tons u3o8 Exclu<'ling USSR, Eastern Europe 
And Chwa; (OEm, 1979). 

Total 
$30 ~r lb up8 $50 per lb 0308 

Conn try (or less) S30 $50 per lb np8 (or less) · 

Algeria 16.4 0 36.4 
Arqentina 2CJ.9 6.6 36.5 
Australia 377.0 11.7 388.7 
Austria 2.3 0 2.3 
Botswana 0 .5 .5 
Hrazil CJ6.5 0 96.5 
ran ada 279.5 2fi.O 305.5 
Central African 23.4 0 23.4 

Repuhlic 
Denmark 0 35.1 35.1 
Finland 0 3.5 3.5 
France 51.5 20.4 71.9 
r.al:XJn 48.1 0 48.1 
F. R. C':.ennany 5.2 .6 5.8 
India 38.7 0 38. I 
Italy 0 1.6 1.6 
,Japan 10.0 0 10.0 
Korea 0 5.7 5.7 
Mexico 7.8 0 7.8 
Namibia 152.1 20.8 172.q 
Niger 208.0 0 208.0 
Phillippines .4 0 .4 
Portugal 8.7 1.9 10.7 
Somalia 0 8.6 8.6 
South l\frica 321.1 187.2 508.3 
Spain 12.7 0 12.7 
Swe<'len 0 391.3 391.3 
Turkey 3.1 1.9 5.1 
OSA 690.3 230.1 920.4 
(!'Jew ~'texico) 375.0 (16% Total) 98.q 473.9 (14% Total) 
Yuqoslavia. 5.8 2.6 8.4 
7<Iire 2.3 0 2.3 

·rotal 2,401).0 962.0 3,367.0 
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'l'able VIII-13. n.s. Uranium Requirements in Thousand Tons u3o8 Equivalent versus 
Possible Nev.' Mexico Demand; (OOE data: Canbs, 1979; EIA data: Clark, personal 
canmunicat ion, P.ugust 19 80; NUEXOO data: Nuclear Fuel, 1980) • 

1979 1980 1980 
u.s. N.M. N.M. N.M. 

OOB Market nemand u.s. nemann. n.s. Derrand 
Year Survey (45%) EIA (45%) NUEXCD (45%) 

1979 22.1 9.95 14.3 6.4 12.4 5.8 

1980 ?.2.7 10.22 11).0 6.8 14.2 6.3Q 

1981 23.4 10.53 15.5 7.0 18.7 8.42 

1982 24.1 10.85 18.3 8.2 19.9 8.96 

1983 23.9 10.76 20.5 9.2 22.2 9.99 

1984 24.0 10.80 22.2 10.0 22.1 9.95 

1985 25.2 11.34 23.0 10.4 23.2 10.44 

1986 26.01) 11.72 23.0 10.4 21.8 9.81 

1987 27.75 12.49 24.2 10.9 22.1 9.95 

1988 30.05 13.52 25.5 11.5 24.8 l1.16 

1989 33.10 14.90 25.8 11.6 25.6 11.t;2 

1990 30.80 11.86 25.8 11.6 25.1 11.30 
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Table VIII-14. w:cA IJranium Consurrption in Thousand Tons up Equivalent versus 
Possible New Mexico Derrand Us inq Various Forecaster's Projec~ion.c;; (OECI), 1979: 
EIA data: Clark and Reynolds, 

N.M. 
Low Dell'lal1il 

Year OF.ffi (16%) 

1C)79 41.6 ().66 

1980 

1981 

19112 

1()83 

1984 

1985 48.0 7.68 

Pl86 

1987 

1988 

1989 

1990 114.4 18.30 

1'195 

?.000 258.7 41.39 

Access ID No. 04133 

1980; NUEXm data: Nuclear Fue~, 1980). 

N.M. 
Demand 

F.IA (16%) NUEXCD 

36 5.76 34.3 

34.8 

44.1 

48.2 

51.7 

'13.6 

51 8.16 56.0 

'14.5 

55.1 

56.2 

57.1 

68 10.8~ 56.7 

R5 13.60 
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5.49 

5.57 

7.06 

7.71 

8.27 

B.SR 

8.90 

8.72 

8.82 

8.99 

9.14 
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Demand can also be considered for the lifetime requirements of a reactor. 

While various assUI11ptions such as fuel utilization, U-23'1 in enricl'urent tails, 

and on-line qeneratinq time must re J'Tla.de, the 30 year lifetime supply needs of 

a LWR's (light-water reactor) are approximately 5500 tons u3o8 equivalent 

per/GWe (gigawatts electric). 'l'he reserve h3se as of January 1, 1980 of SSO 

p?r lb forward cost reserves (936,000 tons u 3oR) therefore, represents 170 Glile 

capacity of 30 year lifetime needs. If probable resources in the January 1, 

1980 $50 per/lb. or less category are included (1,505,000 tons u3o8 ) a supply 

base for an additional 273 GWe of capacity would be available for a total of 

443 GWe. Referring back to the projections for installed United States capa­

city (Table VIII-4), it would appear that, even for the least optimistic 

forecasts, all the $50 per lb or less forward cost reserves would be commit­

too to supplying reactors installed by 1995 or soon thereafter. Resources 

would ha~ to be converted to reserves if danestic reserves -were to supply 

additionaJ Tlnited States nuclear capacity. 

Demand can similarly re considered for total installed capacity in t\T\CA 

countries. vmile not all WOCA reactors will he L~m's, a iO-year lifetime need 

of 5SOO tons np8 per r:vv-e wil 1 he assumed. Utilizing W:CA reserves in the S50 

per lb forward-cost category (3,367,000 tons up8 ) indicates lifetime supply 

needs for 612 GWe. As indicated by the installed capacity projections listed 

in Table VIII-9, it appears that by 2000 or shortly thereafter l«A reserves 

will only supply the lifet.irre requirerrents for reactors installed hy that 

time. Thus even on a world-wide basis, New Mexico reserves may re canmit­

ted to supplying existing facilities by 2000. 

'Vfuile sare studies of uranium supply have indicated that 30-year lifetiJre 

reactor needs for tllose reactors installed. past the year 2000 can re obtained 

fran probable resources, it is not clear heM much of the reserve and probable~ 

.resource rese will be available. While reserves are fairly well known, it 

does not necessarily TTEan they can h? produced. 'T'here are many technical, 

financial, environTTEntal, p::>litical, leqal, ann social constraints which JTlay 

prevent cnnplet.e recovery of the knONTJ res~~rve base. (this will l::e discusserl 

JTOre fully in a following section. ) In addition, sam probable resources May 

not m available when the attempt to convert thern into reserves is made. 

Thus, on the long tenn basis unless there are major discoveries not presentl;y 

in tl1c resource base or unless the world c~letely rejects nuclear energy, 

the \\Drld's supply of uranium appears to re of such a limited quantity as to 

indicate that atte11J?tS will 1:e made to recover all reserves which can reason-
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ably be extracted including those in New Mexico. 

Production Considerations in Relationship to nemand 

~Vhile demand projections can be made, this does not mean that actual pro­

~uction will equal demand. There are 111a.ny factors other than demand which 

determine prcrl.uction. Technical factors enter into determining prcrl.uction. 

Long learl t:iJTes are necessary before a deep underground mine can be developed. 

In addition, a mine must re developed in an orderly sequence and this limits 

production at any one ti.Pe. Ground control, geoloqy of ore pods, nee:l to 

dewater, and other technical considerations can also limit the rate of prcrl.uc­

tion. 

Financial constraints may also delay tirrely production. Canpanies are 

unwillinq to canmit Jroney to projects cominq on line in the future unless 

these projects appear profitable. Confidence in the future of the industry 

and an orderly market are thArefore factors infh1encinq new projects. Finan­

cial constraints may also cause high-grading, a o:::mdition in which mininq 

canpanies may be forced to rerrove only the higher grade ores if the price of 

the material declines. It is usually much more difficult to recover the lower 

grade material, or material in isolated small pods, if recovery is not carried 

out in an orderly manner. Because of hi~h-grading, this material thus beCOMes 

even JlPre expensive to mine and, in some cases, may be lost fran the resource 

base. 

Environmental considerations may also delay production. The need in same 

cases for environmental assGssments, pe~ts, and licenses may delay a project 

by several years. In sane cases, environmental problems may be perceived as 

so severe that exploration, minino, or milling may re denied. Require~rents 

for minimized contamination of the environment increase n3o8 production costs. 

Political decision.<; can also cause delay and in some cases prevent £J 3o8 
pronuction. 

LL:.qal proble..ms, such as obtaining control of the land on which tailinq 

piles are to 1::e located, and securing mineral rights, can cause delays. If a 

canpany has a mine adjacent to a small ore oody held by another canpany, this 

ore h:XIy may not re recovered if the other carpany will not aqree to having 

its ore body mined through the active mine even though the 

l'USt econanical access may l:e through the active mine. 
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Constraints such as the lack of trained miners, and the lack of access 

roarls influence mininq and millinq. 

Production, therefore,may not rreet rlemand. As of August 1980, New Mexico 

active mills were generally running at full, available capacity. If an in­

crease in n p 8 production in New Mexico is to occur, new facilities will have 

to care on line, the grade of ore fed to mills will have to increase, and/or 

New Mexico mills will have to increase available throughput. As of August 1, 

1980, the Bokum mill harl financing and ore-feed problems; tJ1e proposed Conoco 

mill needed siting studies, pre-license application m:mitoring, and other 

measures before sul:ntitting a license application; the propJsed Gulf mill 

neeiied to resolve the land control problem and receive a discharge p::rmit ancl 

license before beginning constntction; and the proposed Phillips mill needed 

to sub"nit alternative tailings disposal plans to t.he licen.c;ina group. 'T'hus 

every new Nav Mexico mill at that-_ time han potential delay problems. 

S~ort-Term Uranium Supply 

A cx.xnparison of uranium production and consumption in 1979 with previous 

years shows that production has exceeded consumption. 

OOE publications indicate that there -were 44,700 ton..c:; equivalent up8 
held by uranium buyers (utilities, reactor m:mufacters, and fuel fabricators) 

in 1979. The 1CJ79 market survey made by OOE indicated that 10 utilities out 

of the total 39 felt they had excessive uranium inventories. If the "rrarket 

needs" for 1979 are ccmpared with actual domestic production in 1979 (see 

previous tables) production did not meet "market needs" by approximately 3. 4 

thou..sand tons u3o8• What apparently happenerl was that sane utilities changed 

their minds fran the tine of the initial survey; and, in addition, it is 

oolieved that sare selling of uranium by utilities took place in 1979. There 

appears, therefore, to te a trend to reduce the level of stockpiles which hacl 

men oriqinall y indicated as desirable by the OOE market surveys. 

DOE surveys also tried to determine the amount of np8 over and aoove 

current sales ca:nmit:n"Ents that danestic producers estim3.te they will l:e able 

to offer for sale each year over the 197q to 1985 period. Table VIII-15 

indicates the results of the 1978 and 1979 surveys. 'l.'he table shows that 

there was a drcp of _possible available uranium for sale fran the 1978 to the 

1979 survey. 'l.:'his decline rray reflect a cutba.ck in dC!l'estic producer t:>-><­

pansion plans; nevertheless sane up8 appears available for spot rrarket sales 

fn"ln producers. 
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Table VIII-15. u3o8 Current Sales canmibrents That Prcduc.:ers Estimate They 
Can Offer For Sale As Of January 1, 197fl and January 1, 1979~ (Ccrnbs, 
1979). 

Thousann Tons l13°8 

Year of Delivery 1/1/7A 1/1/79 

1979 4.1 1.4 

1980 5.0 2.2 

198] 8.2 4.0 

1982 10.5 6.7 

1983 14.0 8.4 

1984 16.3 10.1 

1985 16.9 10.1) 

Total 75.0 41.3 

Because of their delay in hringing reactors on line and recause short­

tern supply seems adequate, utilities in the United States have not been as 

aggressive recently in the market as they were in several previous years. 

This has been reflected in a rapid drop in the spot llE.rket price for uranium. 

Srx>t ITB.rket prices at various times are sho,.m in 'T'able VIII-16. A <:treat deal 

of uranium, however, is obtained by contract and "~'able vrii-17 indicates 

average contract prices. 

Because of a weak spot ITB.rket and other factors, danestic uranium pro­

c'lucers are cutting bad< on expansion programs. Fran the NUF.XOJ projections 

for danestic consurrption, it is apparent that if danestic producers cia not 

expand production anil if foreign irnp:>rts do not exceed exports, utilities must 

l::egin to draw frcrn the uranium stockpile by 1982 creating a 2-year stockpile 

by 1986. When considerinq danestic production versus danestic consumption, 

ncrnestic producers 1111.1st expand production by the mid to late 1980's and 

continue that expansion in later years if darestic needs are to l::e rret pri­

marily by danestic producers. 

There are some suggestions that foreign uranit~ could make up the short­

fall in dorestic requirenents. South Africa, Australia, and canada are arronq 

those Major countries which have excess capacity~ ho,.,rever, as was indicated in 
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previous sections of this report, projected wx:A reactor lifetime-needs by 

2000 will camni.t all of Y«::CA 's present reserves. Over the long teDTI, it 

appears that excess capacity in TflCA countries should go to filling the needs 

of other W:X::A countries outside the United States. 

Table VIII-16. NUEXOO Exchange value for Uranilli'l in the United States in 
$/lb u3o8 1968-1980; exchange value is the company's judgment of the price 
at which sales of significant quantities of yellowcake could be concluded 
as of the reporting date: NUExa>, 1980; NUclear Fuel, 1980a,b,& c). 

Date Value 

Dec. 1968 6.50 

Dec. 1969 6.20 

nee. 1970 6.15 

Dec. 1971 5.95 

Dec. 1972 5.95 

Dec. 1973 7.00 

Dec. 1974 15.00 

Dec. 1975 35.00 

Dec. 1976 41.00 

Dec. 1977 43.20 

nee. 1978 43.25 

Dec. 1979 40.75 

Feb. 1980 38.00 

April 1980 32.00 

,Jrne 1980 31.50 

Dec • 1980 28.00 
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Table VIII-17 Average Contract Prices, Year-of-Delivery in the United 
States (Dollars); includes price settlements of market price contracts; 
(Combs, 1979). 

Year 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

198fl 

1987 

1988 

1989 

As of January 1, 1979 

Price 
Per Pound 
of u3o8 

18.95 

20.15 

24.60 

24.85 

26.05 

28.05 

28.95 

32.10 

34.25 

40.05 

Coverage of 
prices (%) 

92 

91 

87 

85 

83 

86 

84 

74 

75 

71 

As of July 1, 1979 

Price 
Per Pound 
of u3o8 

21.60 

22.65 

30.10 

29.15 

30.15 

30.85 

33.65 

35.70 

37.65 

42.75 

46. 10 

Coverage of 
prices 0:) 

94 

89 

86 

84 

82 

R7 

86 

76 

77 

80 

80 

The present requirement of the Canadian government is that prices under 

uranium export contracts must conform to the principle of marketing at the 

prevailing world price to be negotiated annually or an escalating floor price, 

whichever is higher. Canada's policy, therefore, seems to be not to dump 

uranium below market prices (OECD, 1979). 

Harry Oppenheimer, chairman of Anglo-American Corporation of South 

Africa, has indicated that South African producers will probably stockpile 

uranfum, and it is unlikely that .further uranium production plants or exten­

sions to existing ones will be undertaken in South Africa until the middle to 

late 1980's (Nuclear Fuel, July 1980). 

The OECn 1979 report indicates a projected uncommitted surplus for 

Australta at around 5000 tons u3o8 yearly by the mid-1980's. Government 

decisions could reduce this surplus. NUEXCO projections show a WOCA demand of 

56,000 tons u
3
o11 equivalent in 1985 so that 5000 tons represents about 9 

percent of WOCA requirements. 
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'While it rray oo :r:ossible, assuming cptimistic production schedules, for 

~A countries other than the United States over the near term to durrp urani11r1 

on the rrarket and further disrupt it, this does not appear to re likely. 
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CHAPI'ER IX 

SOCIOECX>NCMIC OVERVIEW 

Introduction 

'f'he p::>sitive and adverse social and econanic impacts which may accanpany 

large-scale energy development projects are well documented in the l:xXly of 

literature which has evolved CNer the past decade. 1 The intent of this 

chapter is to present an overview of key econanic and social issues in Mc­

Kinley County and western Valencia County where New Mexico's uranium activity 

is concentrated. 2 Where possible, this chapter addresses these issues as 

they relate directly to uranium developrrent; hc:Mever, given the multi-indus­

try oose of the area1 uranium-related socio-econanic impacts cannot always be 

identified and addressed in isolation from those connected with other energy 

developJTEnts. 

~loyrrent 

Table IX-1 presents uranium employment in New Mexico by county fran 1969 

through August 1980. Employment for 1969-1979 was taken fram the New Mexico 

Bureau of Mine Inspection annual rep:>rts and therefore does not include 

exploration employees. The 1980 estima.te was based up::m 1979 employment 

adjusted to reflect the recent reductions in the work force. The basis for 

this adjustrrent included examination of current mine reports made by the 

Bureau of ~1ine Inspection, review of pertinent literature (e.g., newspapers, 

industry, and state anfl federal governrrent publications) and discussions with 

knavledgeable industry and state officals. Given the current state of flux: 

of the industry, post-1979 empl~nt estimates should re frequently updaterl. 

As seen in Table IX-1, McKinley County has consistently accounted for 

the largest p::>rtion of uranium artpl~nt in the state with alJTOSt twice the 

~'!JllPloyJTEnt level of Valencia County, the other primary center of uranium 

activity. 

Since the initial C!iscovery of uranium near C'..rants (Valencia County) in 

1950, production and consequently employment have fluctuated, reaming record 

levels in 1960 but dropping &lddenly when the AEC (Atanic Energy Commission) 

announced the phasing out of its dorrestic uranium procurement proqrarn. In 

1967, activity was revived with a gro.ving n"ll~Tl~:Er of plans for nuclear gener-
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Table IX-1 

NlllTll::Er of Employees ey County 

New r-1eXico Uranium Mines and Mills 

OJUNTIES 

% change fraro 
Year McKinle:,t San .• Juan Sandoval Valencia Total Erevious year 

1969 1,783 2 519 2,304 

1970 1,863 2 727 2,592 +13 

1971 1,459 2 778 2,239 -14 

1972 1,133 791 1,924 -14 

1973 1,012 4 855 1,871 - 3 

1<)74 1,698 990 2,688 +44 

1975 2,192 1204 3,396 +26 

1976 2,953 4 1652 4,609 +36 

1977 3,886 5 44 1958 5,893 +28 

1978 4,101 5 55 2273 6,434 + 9 

1979 4,574 6 55 2689 7,324 +14 

1980 (est.) 3,660 6 2349 6,015 -lR 

Source: New Mexico Rureau of Mine Inspection annual reports 

ating facilities. 3 The cyclical pattern continued into the 1970's. The AEC's 

governrrent procur~nt proqram was phased out in 1970, ann the inoustry's 

market was then relegatErl solely to the private sector. Fmployment declinro 

by 14 percent in 1971 fran its 1970 level and 14 percent again in 1972. Ry 

1974, the utility rnrket for uranium had improved, and employment in this 

sector: showed a stronq gain of 44 percent in 1974 fran a total of 1,871 in 

1973. This high, annual growth rate continued through 1977 (ranging frCI"'l 26 
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to 36 percent) and at a rrnre Jl"'derate level in 1978 and 1979 (9 and 14 percent 

res pectively). A.s of necemt:er 31, 1979, the Nev Mexico uranium industry 

reachei a recoro hiqh of 7,324 enploy~s, marking a 218 percent increase over 

the 1969 e.mployrr-.;mt level. In addition, an estimater1 758 persons \>.ere ern­

ployeil in the uranium exploration industry in New Mexico during 1979.
4 

nnrinq the first f> mnths of 1980, the uranium industry clearly showed 

signs of declining again. As of August 1980, at least eight operations were 

canpletely shut down, another six operations were reduced fran three 8-hour 

shifts to one or two shifts, and several additional Mines were idle. 5 

'1'he Anaconda COTlpany (suhsidia:ry of Atlantic Richfield) announced in ,Tuly 

1980 it would be phasing out its open-pit Jackpile - Paguate mining complex; 

thus, 401 employees are exp:cted to be lai<'l off in February 1981. 6 As of 

nece"lber 1980, estimates for reduction in anployrnent in 1980 ranged frm 1300 

to 1800 employees. The fonrer estimate, which will be assu:f"led in this chap-· 

ter, takes into account idle operations and reductions in shifts in adaition 

to those operations which have 1-een shut iiown entirely, but this emplo~nt~ 

estimate does not incluoe independent-exploration and service enploynent. 

Another indicator of recent employr'l3nt trends in the uraniUJTr industry i8 

the n~r of rmenployi"!'ent canpensation claims filed. Accordinq to the Granb:; 

and Gallup district offices of the r-1ew ~1exico State F:MplCl_Yil'ent Services nivi-­

sion, the nUJl'll:er of initial claims have approximately doubled during the firsi: 

6 nnnths of 1980 corrpared with the last 6 m:mths of 1979. The ronthly break­

dONn of claims for wnstern Valencia and McRinley Counties is as follo.vs: 

Western Valencia County 

;ruly 39 
August. 30 
Sept~r 27 
October 84 
Novemmr 10fi 
Decemler 74 
Totals 360 

.lanua:ry l'i? 
February 9R 
March q2 
April 115 
May 10q 
June 204 
'T'Otals 770 

1979 

1980 

174 

McKinley County 

107 
115 

82 
87 
8/ 

160 
b38 

1R3 
141 
252 
273 
176 
219 

1744 
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In cane 

Changes in the ernployrrent level are reflected in corresponding changes in 

inc~ associaterl with uranium develq:m:mt. Both can cause indirect and/or 

inducen changes in virtually every other sector of the local and regional 

economies. For example, decreases in uranium-linked industries, such as dril­

ling and well-loqging companies and mine-equipment suppliers, may oocur with 

t~he decline in uranium developrrent. A lower level of salaries and capital 

expenditures invested in the local econOO¥ by the uranium and supportliriken 

industries would correspondingly lead to induced changes, such as decreased 

purchasing fX!Wer and lower econanic activity including adverse effects on 

supporting (nonhasic) jobs. 

Current statistics illustrate fX)tential effects fran changes in errploy­

rrent ana incOJTE in New Mexico's uranium sector. In the fourth quarter of 

1979, total waqes in the uranium sector of McKinley and Valencia counties 

totaled $44,843,140. 7 In addition waqe rates for many uranium industry el'1-

ployees are substantially higher than those of the waqe rates of local service 

and public employees. r'..on..<>equently, inccxre lost in this section would oo felt 

~re immediately in the region. 

As of July 1980, l:ase salaries for llranium mine and mill e:nployees ranaed 

fran $1,108 per ronth to $1,572 per ronth. 8 Wage rates are siqnificantly 

higher if fringe tenefits, overt:ima, shift differentials, and neg-otiatoo 

relative pay per contract are considered. Assuming an average of this salary 

range of $1,340 per rronth and a layoff of 800 employees, direct incane losses 

would anuunt to $1,072,000 for a 1 ronth period. Indirect incCil'E effects 

would produce a significantly higher fiqure, 9 as would wage rates incorporat­

ing the factors !1¥:'!ntioned arove. 

Population 

As shONn in 'l'able IX2, the p::>pulations of the two c'Ounties a.rJ<l primary 

ccmnunities have crrown siqnificantly since 1950, with a large prop::>rtion of 

this qrCJNth occurring after 1970. In terms of canpJunded annual rate of 

qravth since 1970, the camm.mities of Milan and Thoreau led the way with S.4 

J:Ercent, follCMed by Grants (5.1 percent), McKinley County (3.3 percent), 

Valencia County ( 3. 1 percent), the western portion of Valencia County, where 

oeveloprrent is concentrated ( 2. 8 percent), and the C:ity of Gallup ( 2. 4 per­

cent) (Historic nata for Crownpoint and San Mateo were unavailable). 
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The p:::ntion of gra.vth that is a direct result of uranium developnent is 

difficult to detennine without accurate infonnation on uranium work force 

characteristics, such as family size, number of in-migrants, and place of 

residE'.nce, ho"Never, sorre indication may l:e gleaned in viewing Table IX-2 in 

conjunction with Table IX-1 (historic employment by county). 

Projecten employment for 1980 and 1q9o is given in Table IX-3. ~ccordinq 

to these estimates, which include projected expansion of coal developnent in 

the area, McKinley County's population will increase to 22,400 persons while 

Valencia County will gain 17,900 new inhabitants by 1990. The implication of 

these projec'ted increases is clear - local infrastructures (including rredical 

facilities and other public services such as water, sewer and roads) will 

have to expand substantially if growth of this rnaqnitude is to re absorbed. 

Table IX-2 

Pq;IUlations of Counties and Major Cammrlties in the Grants Mineral Belt, 195Q-1980 

1950 ~t 1960 Percent 1970 a,e Percent ~c:j Percent 
N1.!11liirof of o::-.mty ~of of o::-.mty N\.iiitei' of of o::-.mty of COUnty 

County /Cc:mrllnit:z: Inhahi tants ~ Inhabitants Total Inhabitants Total lnhabit:arlt!l Total 

fiiO<INLE.Y rotJN"'Y 27,451 37,209 43,208 56,000 (1978) 

Crownpoint {U ) n .. a. n.a. n.a. 3,500 6.0 
Gallup (C) 9,133 33,3 14,089 37.9 14,596 33.8 18,500 (1980) 31.7 
Prewitt (U) n.a. n.a. n.a. 400 0.7 
Thoreau . (U) n.a. n.a. 500 1.2 720 1.2 

~IJI COtiN'lY 22,481 39,0!15 40,539 49,900 

Western galencia 5,025 22.4 22,939 58.7 20,088 49.6 24,400 49.'l 
ColUlty 

Grants (C) 2,251 10.0 10,274 26,3 8,768 21.6 14,500 29.1 
Milan (V) n.a. 2,658 6.8 2,185 5.4 3,700 6.0 
San Mateo (U I n.a. n.a. n.a. 300 (1979)f 0.6 

Notes: n.a., not available; in 11Di6t years, data are not available lUltil after incorporation 
(U), 1IDinoorporated 
(C), inoorporated aa city 
(V), incorporated as village 

Sources: a. u.s. Department of Ccmnerce, Bureau of the CensuR, Census of Population, 195Q-1970, Nl.:ll'rtler of 
Inhabitants, New Mexico, 1952, 1962, 1973. 

h. 

c. 

d. 

e. 
f. 

ftarbiid~ House, Inc., Socioeconanic Cc!lponent (of the) Norl:hwestern New Mexico Coal Develapnent 
Enviro!'1111ental St:Atllll9nt, (u.s. Dept. of Interior, Alblquel:que, N.M.), Tables 2-SIU'Id 2-2, except 
for MCf(!riiey COUrity (c) Gallup, Grants, IU'Id Milan (d) and Thoreau (e), as noted. 
1978 projected population as reported by McKinley o::-.mty through the 1980 Cc:mrunity Assistance 
Program application. 
1980 projected populations as I'elXlrted by f',allup, Grants, IU'Id Milan through the 1980 Camunity 
Assistance Program application. 
1'horeau's 1970 population as est:lmated by r.t:Kinley Area COuncil of C'..overnment's staff. 
San Mateo's 1979 pop.1lation as estimated by the Environnental I~t nivision's 
Milan Field Office. 
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Table IX-3 

Projected Rate of Population Growth, 1980-19901 

Ranking 
1.980 - 1.990 CO'l'I}:X>tmded Annual 

1980 1990 .Additional Growth Rate of r:rowth 

Prewitt 550 850 300 4.4% 

Cr<::1Nl1p0int 4,900 7,000 2,200 3.8% 

Thoreau 1,700 2,450 750 3.B% 

Milan 4,200 5,900 1,700 3.4% 

McKinley COlmty2 61,500 83,900 22,400 1./% 

Valencia County 2 55,200 73,100 17,900 2.8% 

Grants 13,500 17,600 4,100 2. 7% 

Gallup 20,150 24,550 4,400 2.0% 

san Mateo3 300 not available 

1 Projections from the Bureau of Land Management's Final star Lake - Bisti 
Regional Coal Enviroi11'Tental Statem:mt, February 1979, pp. II - 121-124 
(Future Environment Without the Proposed Action). 

2 

3 

Projections for McKinley and Valencia Counties hasen upon Bureau of Business 
and Economic Research's Pop_;lation Estimates and Projections 1970-2000 for 
Counties and Wastewater Fac1lity Planninq Areas, September 1979. 

Population as estirrlatei by the F:nvironmental Improvement Division's r1ilan 
Pield Office as of August 1979. 
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Public Finance 

The developrrent of uranitun resources in Valencia and McKinley Counties 

has had rejor impacts on public finance and public services. While the local 

jurisnictions hosting uranium development have benefiterl from an increased tax 

base, the need for public expenditures continues to outstrip incaning reve­

nues. The thrust of this section, therefore, is to nescribe briefly the major 

issues which influence the fiscal condition of loc.:al qoverrments in the stuny 

area. 

In 1979, the total tax h1rden on the uranium industry amounted to 

$21,278,000. The breaknown is as follows: 10 

Tax 

Severance 

Resource Excise 

An valorem11 

Conservation 

<:ontinued care Fund 

TCfi'AL TAXES 

Arrount (thousands) 

$14,354 

2,858 

3,486 

157 

1,423 

$21,278 

Of this arrount, only the ad valoran portion can l::e levied and nirectly 

appropriated on a local level (i.e., the tax is ordinarily levied by school 

dist.ricts, counties, the state, and cities, which benefit in that orCler). 

Since no uranium mininq or milling occurs within city limits, city (10Vern­

rrents receive no property tax revenue frOT'I uranium production. 'J11e re.maininq 

taxes p3.id by the uranium industry go mrectly to the state where they are 

then appropriated by the Legislature through approve:i leqislation. Thus, 

while the urnniurn industry does contrib.lte substantially to the tax rese, it 

is primarily the state, not t-l1e local jurisdictions, which receives the (1reat­

est direct l:enefits. 

r.ocal governments in New Mexico have only bvo tax options available to 

th(311 as effective sources of revenue. These are the ad valorem or property 

taxes which can te levied hy b:Jth municipal and county governments and the 

qross receipts tax which can te levied by rrnmicipalities. 

Municipalities can l:orrON roney through l::x::mds, l:ut use of these revenues 

is restricted hy the Legislature to capital improverrents. 'Ihe two basic types 
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of l.:onds available are general obligation h:Jnds and revenue l:x:mds. C'-.eneral 

obligation bonds are further categorized into qeneral purpose bonds and water 

and sewer bonds. The arount of general purpose bonds which can be issued is 

limited to 4 p.::rcent of the local jurisdiction's assessed valuation, while the 

annunt of water/sewer bonds is tmlirnited. 

"'"'he issuance of qeneral obligation bonds requires voter approval and, for 

this reason, the proposed public v.urks project being financed must be selected 

carefully in consideration of what will best serve t.he general citizenrv. 

Counties must be pa.rticularly i· Selective since they serve areas with different 

needs and interests. Counties normally utilize this source of revenue for 

financing publ facilities, such as hospitals, courthouses, and jails, which 

will benefit the total county :populace rather than only part of the p::>pula­

tion. Same small communities with a low assessed valuation have found that it 

is not cost effective to utilize general obligation lxmds because of the 

expense of holding an election. other municipalities, including Grants and 

Milan have been successful in using this roochanisro to its Maximum leqal 1 imit. 

Revenue bonds do not require voter approval but are restricted to muni­

cipal or county-owned utilities (consequently, no counties in the state have 

issued utility revenue bonds to date). Unlike oeneral obligation bonds, 

revenue bond issues have no leqal limit but are calculated by Wl.at the systan 

can reasonably pay back. The Legislature recently approved the issuing of 

industrial revenue l::onds by local jurisdictions. These bonds are issued, with 

council or canmission i'tction, for new h.tsinesses locating in the area. "'"'he 

renefits are accn1ed in a larger econanic and tax base. 

In addition to the statutory constraints noted, local jurisdictions in 

the uranium belt are further restricted by loca.lized institutional and politi-

cal issues. Valencia County is administratively split into eastern and 

western rortions, of which the economic base and public sector dem:mds are 

significantly different. One result is the inability to pass any general 

obligation ronds. M"lile McKinlE...>y County is free fran this particular probl€!11, 

it Ls a checkerboard area with two-thirds of the land owned by Indians and 

just lr=i percent of the County privately owned. 13 Not only has this land­

ownership pattern raised serious problems in the area of taxation, but also in 

law enforcement, highway construction, education, and other areas of qovern­

m?ntal resp::msibility. The need to reassess property values in Valencia and 

McKinley counties has h9en prevented thus far by political and other consider-

179 

Access ID No. 04133 US-NAUM0054328 

US-NAUM0054133-00196 



ations. At the municipal level, jurisdictional rnisma.tches between those 

municipalities receivinq revenue increases and those confronted with increases 

in demands for services almost always create problems in energy development. 

For example, Grants in Vale.ncia County is the horre of employees of many Mc­

Kinley County activities jncluding the United Nuclear Corporation and Uniteil 

Nulear-Harestake Parners' Ambrosia Lake mines, Kerr-McC'..ee 's Ambrosia Lake mill 

and mines, the Rancher's F.Xploration Johnny M mine, and the Gulf Mt. Taylor 

mine. 

Local jur:i.sdictions are limited by statutory, institutional, r::olitical 

and other con.c;traints in their ability to qenerate the level of revenues 

needed to accommodate rapid energy-related growth. In ~iscal Year' 79-80, the 

General Fund receipts for selected jurisdictions were as follows: McKinley 

County, $1,825,244, City of Gallup, $6,824,631, Valencia County, S2,569,606 

and City of C'..rants, $1,958,355. 14 

There are r::ositive as well as negative aspects of the public finance 

picture. State and fecteral qovernrrents are aware of the many public finance 

constraints and have resp:mded with programs designed to help mitigate the 

inpacts. In particular, the NaN Mexico Canmunity Assistance Proqram and the 

federal Section 601 Program are designed exclusively to assist energy-tmpacted 

canmunities. Industry, too, has resp:mdeil to varyinq degrees with the pro­

vision of in-kind services and financial contributions for capital iMprovement 

projects. As the qrC!'Nth of expenditures15 continues to outstrip the qrc:Mth of 

locally generated revenues, the continued cooperation of these various parties 

-at-interest will be essential for a growing population and expanding indus­

trial sector in the Grants Mineral Belt. 

Housing and Camrercial Developrrent 

ln times of rapid growth, the private sector of the local eooncrrty suffers 

!Tldny of the sane probl€fl15 as the public sector. Specifically, the private 

sector may not re able to keep up with the demand due to such factors as 

financing, land and laoor availability, and the condition of the cart1111.1I1ity 

infrastructure (e.g., water, sewer, and utilities). 

'f'his departrrent 's recent assessrrent of private-sector i!Tlpacts in Valencia 

and McKinley Counties reveals a sliqhtly different situation fran what was 

occurring 2 or 3 years ago. In particular, housina and cClll!OOrcial develop­

rrent, while still cartparatively healthy, has leveled off fran previous record 
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levels. The value of residential building permits for March 1980 had fallen 

66 per~ent in Gallup and 25 percent in Grants below the March 1979 level while 

the value of nonresidential permits showed a 234 percent gain in Gallup and 

ilrcppeiJ lfl ;:ercent in r:rants. 10 

Speculative housing construction is still proceeding in Grants but on a 

smaller scale and often on a wait-and-see basis. F.A'tensi-ve land develo'{X'ent, 

including a 307-acre Gulf subnivision in Grants, is planned or already under 

way and will help enable the city to meet new housing demand as the econ~ 

picks up; h<Mever, water and sewer improvements are a prere::ruisite if pro­

jected growth is to re accannndated in Grants. 

The City of Gallup, the other prirna.ry trade center in the study area, is 

also experiencina sorre leveling off of new housing and business starts as 

evidenced by the value of building permits. At present, there are four nev.~ 

residential developments under way, ranging from custom-built homes to town­

house units to apartment construction. 17 Rental units including home spaces 

remain very tight ann would inc'!icate a continuation of a high prop:>rtion of 

temporary residents. 

Currently, there is a rroderate supply of conventional single-family hames 

on the 11\'3.rket, which will increase as new housing develo:pm.:mts are canpleted, 

havever, City officials relieve this supply will ~ ahsorred aver the next few 

yean; jn accorc'!ance with projectFil growth rates. Like Grants, the City of 

Cdllup must expand its infrastructure if growth in its r~pulation and economic 

base is to continue. Water st~ply is the short-term issue with the develop­

trent of a new, firm water source as the long-range objective. 

The factors influencing the recent downturn in residential anc'! c<:XlT!ercial 

development (particularly in Grants, and to a lesser degree in Gallup) are 

fairly self-evident. The nation is in a recessiona.ry period, with federal 

r:olicies designed to ~urb inflation through higher interest rates on loans, 

<.mof19 other selected strategies. 'T'he local econarl.Y is feeling these pressures 

and, in addition, the effects of an uncertain uranium market. The canbination 

of these factors is reflected in the inability and/or reluctance of private 

and commercial investors to commit large amounts of capital into a new busi­

ness or hares durinq a p::!riod of econcmic instahility. Certainly the maqni­

tude <'md rluration of the dONnturn in the private sector will :be detennined by 

t_he stab~ of the econctny and, rrore specifically, by the actions of the uraniiJITI 

and other mineral f~.ractive industdes (such as coal i:md gas) in the area. 
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Social Impacts 

Social impacts as used here are rooant to include social, cultural, demo­

graphic, am politicol chan9es in the carmunities hostinq uraniurrt developrent. 

These changes include varying degrees and types of impacts to such diverse 

part.ies-Rt-interest as industry and local business; local, state, and federal 

qovernrnental entities; "old tilrer" residents, and other affected parties. 

The area enccrnpassed by Valencia and McKinley Counties is rich in its 

cultural heritage and diversity. In lV!cKinley County, the Indian )JOpulation 

predOJT1inates (f12 ~rcent), followed by Anctlos (26 percent) and Hispanics (11 

percent). 'T'he Anglo and Hispanic populations are roughly equal in Valencia 

C'_ounty (85 percent) with the remaining 15 percent 1-:-einq Tndian.18 This diver­

sity makes it virtually tmpossible to generalize as to the nature of potential 

social impacts, unlike rrore hcm:>geneous energy-impacten cCITlJl1Unities such as 

Meeker, Colorado or Douglas, Wyoming; however, scrne insight may J:::e gained in 

reviewing the trends which have begun to errerge. 

The recent developtent of uranium and other minerals in the area has 

resulted in the in-J'Tliqration of Anglos and, to an extent, Navajo Indians who 

are returning to the reservation for ne.-.r employment opp::>rtunities with the 

energy industry. With this change in miaration patterns, a shift frCI11 an 

older population to a younger one is expected to continue. 

Because the uranium industry's wages are sianificantly hiaher than in 

many other available sectors of the econany, the cost of livinq has risen, and 

the ahility to retain local governmental and service employees has also become 

rrore difficult. (Conversely, the recent layoffs in the uranium industry have 

enabled the City of Gallup to rehire some of its former employees who had left 

to work in the mines and mill) •19 Eldedy residents and others who live on 

fixei'l incomes are rrcst directly and adversely affected hy hiqher rents, taxes, 

etc. 

The range of chanqes discussed thus far is not unique to the study areii, 

but has teen duplicated in other canmuniti.es experienci.n9 rapid arowth frCY'l 

the developrent of large-scale projects. The uniqueness of the area lies in 

its cultural differences, whiC'.h are particularly important considerations when 

nranium developl'ent involves Indian and Hispanic p::>pulations. A thorough 

identification and analysis of these differences are beyond the scope of an 

overview; however, t~ey are very important considerations in future relation­

ships arronq cnl tural qroups and with the nraniurrt ccmpani~s. 
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Conclusions 

The intent of this chapter has reen to provide an overview of the his­

toric ann potential socio-economic impacts fran uranium neveloprent. The 

recent downturn in the uranium industry clearly has important implications for 

the social and econanic environrrEnt. Caution must l::e used, however, in inter­

preting the magnitude ann specific consequences of this event on the host 

locales. In particular, it is the net socio-economic irrpact whidl is of 

primary importance but which ranains extremely difficult to guage. Several 

factors must first t:e considered: 1) the reassianrrEnt of a laid-off employee 

to another operation within the coqx>ration (in-state and out-of-state) ; 2) 

new employrrent with another uraniUITI-producing CCJ'11PBTIY: 3) absorption of excess 

labor 1::Ty other energy develotxront projects in the area (e.g., construction and 

operation of the Plains Escalante (",enerating Station near Prewitt and/or 

expanding coal developMent) ; and 4) the portion of those workers with perma­

nent residency elsewhere (e.q., Denver) with temporary assignrrents in north.r­

westem New Mexico, or those who canft'!Ute daily fran Bernalillo County. The 

ability to respond to these factors requires a trackina system of enployees 

who have :teen terminated; only then can the net impacts to the region l:e 

accurately assessed. 

Editor's Notes- By act of the Legislature, a new county, Cibola County, 
was created effective in July 1981. Cibola County comprises what was 
formerly western Valencia County with Grants designated as the county 
seat. As far as can be ascertained, all uranit~ statistics cited in 
this report for Valencia County will b~ applicable to the newly creat­
ed Cibol:J County . 
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1. 

FOOTNOTES 

CHAPI'ER IX 

one commonly referenced in-depth analysis of socio-economic impacts from 
the developm:mt of uranium and other mineral resources in New Mexico is 
the c:-.ovemor's Energy Impact Task Force's ManaJing the Boan in North­
west New Mexico, Septemter 1977. An update of l.S canprehensl.ve dOCU-: 
rent is in the planning process. 1\ useful guide for identifying and. 
,1.ssessing socio-econanic impacts fran uranium development is the Stone 
and Nebster F.ngineering Corporation 1 s Administrator's Guide for Si tine~ 
and ration of Uranium Minin and Millin Facilities, Cha r 5: Socia-· 
econan1c Consl. erat1ons, apter 5, pr e Denver Researc t 

Institute under subcontract to stone & Webster for the Western Interstate 
Energy Board. Denver, Colorado: Stone & Webster Engineering Corporation; 
~l[ay 1978. 

2. There is pjtential large-scale develo}:fl'ent of uranium in Sandoval & San 
,'Juan Counties. However, for the puqx:>se of this chapter, the focus will 
remain on existing development and its related llnpacts. 

3. Energy Impact Task Force, Managing the Bean in Northwest New Mexico, p. 
III-17. 

4. u.s. Deparb:rent of F.nergy, Statistical Data of the Uranium Industry,. 
CJQ-100(79), p. 79. Employm?-nt data for New Mexico was extrap:>lated fra1 
this table by CJO staff. 

S. Staff analysis of data from recent industry repjrts and internal files .. 

6. Grants Peacon, July 11, 1(}80, p. 1, and the Employrrent Security C0f111nis·­
sion's Grants District Office. 

7. Emplcyrrent Security Ccmnission, Series 202230, 6-23-80 for 4th ()uarteJ::-
1979. 

8. Occupational wage rates for mine and mill employees (excluding management 
and supervisory ~rsonnel) as re-ported qoy the Grants rdstrict Office of 
the Employment Security Commission. 

9. For a detaile<l analysis of €1Tlployrrent and incorre qenerated by the ~1er~ 
Mexico uranium indushy, see ,John P. Myers and r.arry Adcock, ''Direct ana 
Indirect. Econe>mic Impact of the TJranium Industry in the San ,'Juan Basin," 
(Norking pa:per No. 46, San ,Juan Basin Regional Uranium Study), Albuquer­
que: July 1979. 

10. New Mexico Taxation & Revenue Department's "Study of the Relative r.evels 
of Taxation on F:nergy Minerals Extracted in Nevv Mexico, 11 Santa Fe: 
,January 18, 1980. Also based on discussions with the New Mexico Oi1 & 
Crls Accounting Division. 
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11. 1979 ad valorem taxes are estimated on the basis of data for only six 
months during that calendar year due to the recent contesting of payment 
by several major uranium canpanies. 

12. State Planninq Division, 1980 New Mexico State InvestJTent Strategy, 
(Prepared for the Section 601 Program) Santa Fe: 197q. 

13. San ,Juan Basin Reqional TJranium Study, nranium flevelo;rrent in the San 
Juan Basin Basin Region, Alh.lquerque: u.s. Department of Interior, 1979, 
p. XI - 5. 

14. Department of Finance & Administration, Local r~vernment Division. 

15. Facility needs for Gallup and McKinley County alone has been estimated at 
$17.5 million over a five-year t.i.rre frame. (McKinley Area Council of 
Goverl'l!'nents, The Impact of Energy Develcpnent on Gallup & McKinley Coun­
ty, N.M. Gallup: September 1977.) 

16. Bureau of Business and Econanic Research, New Mexico Business, Vol. 33, 
No. 4, ~1ay 1980, p. 27. 

17. Personal communication with Paul McCollum, City Manaqer of Gallup, August 
1980. 

18. San Juan Basin Regional Uranium Study, Uranium Developrent in the San 
,Juan Basin Region, p. VII-4. 

19. Personal canmunication with Paul McCollum, City Manaqer of Gallup, Auqust 
1980. 
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CHAPI'ER X 

ENVIOONMENTAL OJNSIDERATIONS 

•rhis chapter will attempt to address the various environmental aspects 

associated with uranitun production in New Mexico. A discussion of recent 

Federal and State legislation pertaining to environmental considerations is 

inclurled in CJlapter V - nranium Milling and Recovery Operations. 

GP.NERAL CONSIDERATIONS 

Possible Exposure Pathways 

Uranium production can transport toxic materials into the environment 

where the rnaterials may cause adverse effects. An individual can (1) breathe 

in toxic particulates (including the radioactive particulate daughters of 

uranium) and gases, (2) inqest the rnaterials either by drinking water con­

taining the released toxic elements or by eating plants or animals which 

contain the toxic materials, or (3) re affected by the external radiation 

projuced by the radioactive elements. 

Present Assessment Situation 

~Vhile baseline data gathering studies and modeling programs have recently 

~en started (see sections on sturiies) recause of the very incanplete nata 

base, it is presently ~ssible to assess the effect uranium production may 

have on the health of the general population, nON or in the caning years. 

Transport pathways, rates of rrovement, and quantities of toxic materials 

(which are t~he result of uranium production) in air, soil, water, plants, anr'l 

animals in areas aroun<i production activities are not car1pletely knCMn. While 

pn.xrress has recently teen mane, thGre is also an inadequate nata base on 

emission rates. 'I'he effects of lCM doses of radiation over long periods of 

ti1~ <HB also difficult to assess. ffowever, most of the radioactive dauahters 

of uranium have extremely lCM MaXimum permissible concentrations in air and 

water (as set by NRC, International Evaluation Groups, etc.). other elerrent.s 

often associated with uranitun ore can also re toxic in small quantities. 
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ENVIRONMENTAL ASPECI'S OF UR.ANIUM MINI'NG IN NEW MEXICO 

Emissions ann Transport 

One of the IT~ajor radioactive emissions in uranirnn mining is the release 

of gaseous radon (Rn-222). ~is rac'lionuclide is the decay product of Ra-22n 

and hence is one of the daughters in the n-23A decay dlain. When ore (which 

represents a greater than back.around concentration of uranium and in m:>St 

cases the <'laughters also) is rnine<'l, the opening up of the oreJ:x:>d:y allows s<J11€! 

of the radon to diffuse into the mine. In wet mines, rrost of the radon con­

tained in the water rroving into the mining area is also released into the 

mine. Releases of raoon duri.nq blasting an<'l niffusion fran waste and rubble 

piles in the mines are other sources for radon emissions during mining. In 

addition, in areas around the mine, radon diffuses from the ore storage piles 

and from waste disposal dumps containing Ra-226. 

Releases of radon will re estimated for (1) New Mexico underqround rnines, 

(2} New Mexico surface mines and (3) waste disposal areas at abandoned mines 

in New Mexico. 

A study is now in progress to determine radon emission fran underground 

mines by the Ra.ttelle group of P.O. Jackson et al. In their latest publica­

tion (PNL-3262) they report, tesed on rreasured mine vent radon levels and 

estimates of emissions fr011 other sources of radon at uranium mines, an 

average emission of 26.7 curies Rn-222/ton u3o8 mined. 

While production data for New Mexico mines is proprietary, total n3o8 
contained in total New Mexico ore production was approximately 8,186 tons in 

1979. Of this the author has estimated t~t 5,230 tons came from underaround 

and 2 , 94 6 tons carne from pit mines. Use of the Battelle aT~ission nurnber inC! i­

cates approximately 139,641 Ci/yr (curies per year) of radon were discharne<i 

fran active underground mining operations in NEW Mexico in 1979. 

NEW MP...xico also has active pit Mines. For these it was estimated that 

there were in 1979 approximately 3,000 acres of disturbed area (pits, ore 

piles and waste disposal areas) containing an average value of 0.04 percent 

np8 (Reynolds et al., 1976). Nielson et al. have indicated that a fo:rmula of 

0.092 Ci/(M.yr. percent up8 ) estimates radon release fran u3o9 containing 

surface !Tiaterials. This formula would then give an estimated emission of 

44,677 Ci/yr fran pit mining in 1979. 
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To estimate emissions from abandoned waste disposal areas, the following 

approach was usen. It is known that 216 properties had heen or -were in pro­

duction in 1978 (U.S. Department of Energy, 1979a). Thirty-six of these -were 

in active production in 1979 and have been included in estimates of emissions 

fran active mines. ,Jackson et al. have estimated that 68 Ci/yr is the average 

Rn-222. emission fr011 present mine waste disposal areas. Assuming inacti V'e 

waste disposal areas (dispersion, which increases effective Rn-222 emission, 

has (')C!curred in al"mldonffi areas) have the sarre avera~ as active areas, this 

would lead to an estimate of 12,240 Ci/yr Rn-222 from abandoned waste areas. 

In addition, al"mldoned pit areas and unflooded underqround mines with open 

vents and shafts will also have radon emissions. While these emissions are 

not well known they could be significant. Table X-1 s1..ll'niTBrizes these esti­

mates. 

Table Y-1 

SOURCE 

Underground mining operations 

Pit mining operations 

' Abandoned waste disposal areas 

Ahmdoned, unreclairned pit arP...as 

Abandoned, d:ry, underground mines 
open vents/shafts or collapsed areas 

CURIES /YEAR 

139,641 

44,678 

12,240 

Mining activities can also release other radionuclides in addition to 

Rn-222. Ranioc:lctive particulates rray h=!cCliOO airrorne dne to hlastinq, loadinq 

of ore, and wind suspension of material fr011 ore anti waste piles. 'rhe radio­

nuclides will inclutle natural uranium, thorium-230, radium-226, lead ann other 

daughters of uranium. l'lo emission factors are presently available for radio­

active particulate emissions fran active and inactive mines. 

~1ining equipment and explosives emit non-radioactive particulates, sulfur 

ann nitrogen oxides, carb:m rronoxide anti organics. The total emissions of 

these t}T€S depend on type of equipment used, mining techniques, etc. In 

addition, haulage of ore to the mill also generates emissions fran fuel cm­

hustion (and if roads are not paved, dust). 
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Discharge of mine water is another emission which may have an effect on 

the environilEnt {New Mexico Health and Enviroment Depart.!rent). This will not 

be discussed in detail as a comprehensive report on discharge rates and water 

quality discharged off site at New Mexico mines has f.een published 1::¥ F:In 

(('.,oad, 1980). However, continued m::mitoring with a detennination 0f the indi­

vidual radionuclide contained in the discharge is needed. Discharge rate of 

mine water per mine is expected to increase as new mines are ileveloped at 

deeper levels. 

• Radon, l::ecause it is a gas, diffuses as a gas until it decays to its 

particulate daughter (Silker and Heasler, 1979). Moneling of atroospheric 

transport of radon and particulates has been undertaken; however, because of 

the JXXJr emission data and inaccurate Jmcwledge of atrrospheric conditions 

these modeling studies may not indicate true ambient radon monitoring. The EID 

has undertaken an extensive program of ambient radon monitorinq and the data 

should be published soon. 

If buildings are built on top of Ra-226 contaminated areas, or if the 

material is used for fill for building structures, radon diffusion into tiqht 

buildings will cause high concentrations of radon daughters in the air of the 

building. 

Resuspension of radioactive materials oeposited on formerly barren qround 

can also occur, resulting in further J1'C.lV'ene!lt of the toxic material. 

Not only have garnil'a surveys of mine waste piles indicated a.tove-back­

ground levels of gamma radiation, h.lt preliminary surveys also indicate al:xwe 

tackground ga.rrnna levels at off-site regions, apparently at least in part due 

to wind and water transport of mine waste. The extent of t.his problem is 

unknown and warrants serious attention. 

'Radioactive materials and other toxic JTBterials resulting fran mininq 

activities can either be oriqinally placed or move into drainaqe areas so that 

surface water contamination and toxic material water transport is possible. 

This problem has not men adequately assessed (Kaufman et al., 1976). 'T'he 

State of New Mexico is aware of the problem and same studies are in proqress. 

These (including- water disrnarge impacts) are part of the study of the uranitlJTl 

industry's influence on ground and surface water quality. EID's staff indi­

cate: 
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"New Mexico • s prcx;ram under Section 208 of the federal Clean 
Water Act includes an area wide assess!'TEnt of uranium industry 
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impacts on ground and surface water quality. This assessment is 
being done by EID staff, with installation and operation of sur­
face gaging stations being done through an agreement with the 
United !itates C-eo logical Survey (USG3). 

The primary goal of the rronitoring program is to docurrent 
the extent to which contaminants fran uranium industry sources 
migrate down surface watercourses and infiltrate shallow alluvial 
aquifers. The rronitoring activities are to be expanded during 
1 qgo to include a study of ground water impacts of runoff fran 
uranium spoils and tailings piles. 

nuring 1978 and 1979, fifteen ground water observation wells 
were installed by EID, and it is anticipated that 10 to 15 ad­
ditional observation wells will be installed during 1980. These 
wells are sampled four t.:i.Jres per year by EID staff. An interim 
report on rronitoring well design, sanpling regime and discussion 
of the initial sampling results is ~cted to be canpleted 
during 1980. This assessment project is expected to take five 
years to complete." 

'rhe toxic ele.rr~ents in the Mine may be rrobilized through oxidation pro­

cesses allowing the elerrent to recare soluble if water flows into that area 

(as in mine water recirculation). ~1ining practices, such as b3.ckfill nay also 

influence rrobilization into the aquifer of soluble material originally con-

tained in the mckfill. Mobilization, rate of rrovement, sorption rechani31'1s, 

etc., neoo further study. 

Pumping wet mines causes a cone of depression to occur. Inter-aquifer 

flows may result if there are connecting faults or fractures in the area. 

Connections between aquifers can also occur from shaft and vent failures. The 

transport of material between aquifers, due to inter-aquifer connections made 

by mining activities, has not been studied. 

Plants are also a rrechaniSfll in the transp:lrt of toxic material. Plants 

grawn in Ra-226 containing material appear to increase the rate of radon 

release. Plants also uptake and in sare cases concentrate toxic elerTents. 

Toxic material may also he deposited (both by wind and water action) on leaf 

surfaces. Not only should the natural uranium and uranium daughters be con­

sidered hJt also Se, Mo, V, and As, which are often associated with uranium­

tearing ores. i-1hen animals or humans eat these contaminated plants further 

transport occurs (nreesen and Marple, 1979). 
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other P.ffects 

There are other lesser environmental effects froo uranium mining. These 

include possible damage rlue to blasting at pit mines, if buildings are located 

nearby. The fans used to discharge mine air are noisy. There has teen lirnit­

e(l suJ:-sidence in sane areas, hcwever, this effect is not expected in the area 

of the newer, deeper mines. Ore trucks on public highways increase traffic 

and hence the prohability for accidents. 

Recent Studies 

One of the mst important programs which has recently teen started is the 

evaluation of emissions frcrn uraniUJTl mines. 'J'his proqram, in part :t-eina 

undertaken by the Battelle staff of Pacific Northwest Laroratory, has as its 

objective the development of a data base, characterization of eMissions, study 

of atmospheric dispersion, deposition and transport and environmental assess­

Trent. At the present tine the follCMing studies have t-een published by Bat­

telle on mine emissions: 

Nielson, K.K. et al., Prediction of the Net Radon Emission from 
a Model apen Pit Uranium Mine, NUREG/CR 0628 Rev. PNL 288Q, 
Battelle Pacific Northwest Laboratory, Richland, WA, 1979. 

,Jackson, P .0. et al., Radon - 222 Emissions in Ventilation Air 
Exhausted Fran TJnde round Uranium Mines, PNL - 2888 Rev. NUR:EX':/ 
CR - , Ratte e Pac1 1c No ~st Lal::oratm:y, Richland, WA, 
1Q7q. 

Jackson, P.o. et al., An Environmental Study of Active and In­
active Uranium Mines, Mills and Their Effluents, PNL 3069, 
Battelle Pac1f1c Northwest T,aboratory 1 Richland, WA, 1980. 

Jackson, P.O. et al., An Investigation of Radon - 22?. Emissions 
F'rcrn 
--unoerground nranium Mines, PNL - 3262, NUREG/CR, - 1273 Bat­
telle Pacific Northwest Laboratory, Richland, WA, 1Q80. 

E:PA has also recently p.lhlished t.he results of a sampling program at the 

,Jackpile. Ambient radon-222, Y.Drkinq levels, airborne particulate radio-

activity concentrations, gamma. surveys, and radioactivity in food and water 

sample results are reported in: 

Beard, Mala r .. 1 Eadie, Gregory G. and Fort, William c. 1 Ambient 
Airborne Radioactivity Measurerrents in the Vicinity of the .Tack­
-rie n Pit Uranium Mine New Mexico, ORP/LV - 79 - 2, Office 
o Ra 1at1on Programs, Las Veaas Facility, Las vegas, Nevada, 
,January 1 q79. 
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EPA has also distributed a limited number of copies of a draft study: 

Blanchard, R.L. et al., Potential Health and Enviroill'l'ental 
Hazards of Uranium Mine Wastes, Draft, EPA Office of Radiation 
Programs, Washington, D.C. , SeptE!Illh:!r 1979. 

The staff at the Los Alamos National Laboratory has published studies of 

stabi 1 ization and plant uptake. These studies are included in the mill 

section in this Chapter, except for: 

Kelley, Nathan E., Vegetational Stabilization of Uranium Spoil 
Areas, Grants, New Mexico, LA - 7624 - T, LASL, JJOS Alaoos, New 
Mexico, January 1979. 

which includes a study of vegetation at the Jackpile-Paguate as well as plant 

uptake of toxic materials. 

In addition, the EID regional rronitoring study, which was JYentioned in a 

previous section, has had t-wo initial rep:Jrts. These are State of New Mexico 

Water QUality Status St.lllliTB.l:Y, New Mexico Water Quality Control Canmission, May 

1980, and the New Mexico Surface Impoundnent AssesSJYent, EID, February 1980. 

The EID has also just published Water Quality Data for Discharges Fran Urani­

um ~1ines and Mills in New Mexico. 

Conclusion 

While much rrore data is now available than when the first OVerview of 

the New Mexico Uranium Industry was prepared, there are still major gaps in 

the da.ta base. Basic data on emissions, caTlprehensive surveys of contami­

nated areas, kn<Wledge of canplex transp::>rt pathways and rates of movement, 

and dose assessment is lacking. 

The long term effects due to mining are somewhat dependent upon whether 

present and future mining operations stabilize their waste piles, minimize 

taxic element discharge in mine water, rehabilitate pit and underground mines, 

anti u.se mining techniques which minimize aquifer contamination. 

0n the short term, developrent of techniques for reducinq radon emission 

frm untierqrounti mines would reduce this major discharge. 
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ENVIRONMENTAL ASPECTS OF URANIUM MILL!tlJ IN NEW MEXICO 

Emissions and Transport 

Uranium mills have various types of non-radioactive emissions to the 

atrrosphere. The u•:;e of hydrocarb:m fuels causes production of canbustion pro­

ducts that are usually emitted fran stacks connected to the ccmrustion equip­

ment. Mills having a sulfuric acid plant will have emissions of sulfuric acid 

mist and other sulfur canpJunds. Sulfuric acid mist is also emitted fran the 

leaching circuit. SOJ'!E organics are emitted during solvent extraction. nse 

of efficient canb..Istion equiprent and scrubrers and mist eliminators, where 

applicable, reduce the airl::ome non-radioactive emissions frO'"I a mill to very 

low levels. 

Radioactive anissions occur fran a variety of sources. Radioactive 

particulate emission.:; occur in a mill in any dry grinding circuit and in the 

yellowcake drying and packaging process. High-energy venturi scrubbers or baq 

houses can l::e used to reduce these emissions. A small amount of radon wilJ 

also be emitted in the grinding operation and in the leaching circuit. Auto­

genous or semi -autogenous qrindin(f reduces the emission of radon in this 

circuit. Emission of radon during Milling is low enough that levels outside 

the plant area due to this emission should not pose any health hazards to the 

general population. 

Fugitive ffflissions can result fran particles fran ore piles l::ecaning 

airrorne during gusty winds. Levels of rai!ioactivity in excess of background 

have been found for several feet relCM mactive mill's ore piles, indicating 

migration of the radionuclii!es downward. Water runoff during rainstorm; can 

t..ransport ore along the ground surface. A mill can be designed with ore pads, 

ore wind breaks, and p::>nils to catch rain runoff (Perkins, 1979). Much of New 

Mexico's ore is mined ~t; however, wind transport of ore dust fran ore piles 

has l::een noted. A radiological assessrTent of the ore dust is made in the 

enviroi'l!'IEnta1 reports for uranium mills. nurinq operation, the radioactivity 

fr0"1 ore du.c:;t in mills is rronitored. Dust control procedures are being 

rEquired for mill operation (Gerald Stewart, t:ersonal canmunication, August 

1990). 

A mill also has sanita:ry wastes, wastes fran washing the plant and ~rker 

clothes, anfl sho~r water. Sh~r water and water fran washdown of the plant, 

if they contain radioactive contaminants, are sent to the tailings ponds or 

reused in the mill cycle. 
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The largest discharge fran a mill is the spent process JM.terial. Since 

so little uranim is in the ore, alrrost everything which qoes into the mill is 

discharged fran the mill as tailings. These tailings will contain all the 

spent chemicals, process water, and the sand-slirre mixture which once was ore. 

;a.t the end of 1979, there were approximately 73 million tons of tailings in 

New Mexico. If the $SO forward-cost ore reserves cited in Chapter VII are 

exploiterl, there will te an additional 482 million tons of tailings (by dry 

weight) (U.s. DepartrrEnt of Energy, 1980a). 

In mst New Hexico ores, the uraniurn is in e:]Uilibriurn with its daugh­

ters. Thus, ITOSt of the original rarioactivity that was in the ore is also 

discharged with the tailings. Many of these daughters have low concentration 

limits in air and water. Since there are several daughters of long halflife in 

the uranium decay chain, the radionuclides in the tailings will tmdergo radio­

active decay and thus lose toxicity at a very slCM rate. 

Other toxic materials in the tailings can include trace elements such as 

selenium, and the organics which were useii in solvent extraction. 

Movement of tailings contaminants can occur in many ways. Tailings piles 

can seep and elerrents containe::J in the seepage may te mobilized. (Eadie et 

al., 1976; Purtymun et al., 1977; Ford, Bacon and Davis, Utah Inc., 1977). 

Elem:mts in solution can re noted fran the sampling data given in Tables x-2, 
X-3, x-4, x-s, and x-fi. Excessive levels of selenium have teen found in well 

water near the UN-HP (United Nuclear-Harestake Partners) mill; however, soils 

in the general area of the tailings also contain selenium. (N.M. Radiation 

Protection Bureau). 

Tailings dams can also erode due to the action of flowing water, and 

surface rnnoff can carry tailings into the surroundina area. This is quite 

evinent at the old Phillips pile (nouglas and Hans, 1975; Ford, Bacon an<'! 

navis, fltRhinc., 1977). 
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Table X-2. UN-HP Mill - St.mp for Tailings Pond Water Drainage (New 
Mexico Water Pollution Control Bureau). 

Sampling Date 

10/26/77 11/16/78 

'.::'SS fTK1/1 32.0 52.0 
'T'llS mq/1 17035 20710 
cond f..ll"lhos 20790 23990 
pH 10.12 
As ~/1 2.R6 7.192 
Ret mq/l c .100 .O'i1 
Se IOCJ/1 51.18 31.160 
Mo mq/1 72.0 105.201 
NH3 mg/1 11.23 13.9 
Na mg/1 6141.0 8464 
C1 ng/1 793.2 1014.1 
so4 mg/1 5531.6 8346 
Ca ng/1 10.0 
K mg/1 31.2 
hicarbonate mg/1 
Cil mg/1 .0277 
nitrate nitrite rrg/1 22.42 
~19 mq/1 
v mg/1 13.6 
Zn mg/1 < .100 
1\1 mg/1 
Ph mg/1 < .005 

grosse< I£ ill 10000±1000 
Ra-226 ~ill 58±4 C}0±1 
Ra-228 J:Ci/1 0±2 
Pb-210 ~ill 49±8 
TJ mg/1 44.0 52.8 

(Samples unfiltered) 
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44.0 
25400 
28840 
10.32 
5.020 

.100 
27.88 
104.5 

17.8 
9292 
1418 

8411.5 
60.0 
35.1 
2388 
.001 

10.72 
813.0 
1.18 

c .250 

"' .250 
.007 

3400±400 
56±17 
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Table X-3. UNC Mill Tailings Pond Water (New Mexico Water Pollution 
Control Bureau ) • 

Sampling Date 

11/13/781 11/01/792 

TSS mg/1 435 
TD.S mg/1 39043 
cond pmhos 40788 
fi-1 1.33 
As mg/1 1.235 1.970 
Ra mg/1 .1R3 .372 
Se m:J/1 .0934 .450 
~lkJ rng/1 2.123 1.659 
l'lli3 mg/1 453.0 3.32 
Na mg/l 595.7 549.7 
Cl rrg/1 320.9 296.8 
804 mq/1 1363 28,876 
Ca mg/1 513.6 544.0 
K mg/1 99.84 82.3 
bicarbonate rrg/1 
nitrate nitrite mg/1 3.cn 2.03 
Mg rrg/1 1205 
v rrg/1 39.25 56.630 
Zn mq/1 Q.37 8.25 
A1 rrg/1 1220 
Pb mg/1 .545 .875 
Cd mg/1 .0094 .014 
grossQ( {:Ci/1 62000±3000 43000±2000 
Ra-226 fCi/1 RB±2 27±8 
Ra-228 pCi/1 
Pb-210 rci/1 
u mg/1 'l.3Q 11.4 

1 North pond 

2 T.-Test RorrON pit decant 

(Sal'llPl~s nnfilt~red) 
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Table X-4. Anaconda Bluewater Mill - Decant from Tailings (New ~icc 
Water Pollution control Rureau). 

10/26/77 

TSS mg/1 20.5 
IDS mg/1 17850 
cond pmhos 19635 
pH 2.15 
As mg/1 .62 
Ba mg/1 .55 
Se mg/1 .006 
Mo mq/1 .16 
NH mg/1 56.9 
Na3 mqfl 2118.3 
C1 mg/1 3111.9 
so4 mg/1 8521.6 
Ca n¥J/1 
K mg/1 
bicarbonate mg/1 
Cd mg/1 
nitrate nitrite mg/1 
Mg mq/1 
v rrg/1 
Zn mg/1 
A1 mg/1 
Pb mg/1 

gross o.r fCi/1 
Ra-226 fCi/1 1800±100 
Ra-228 fCi/1 0±2 
Pb-210 fCi/1 1200±100 
u mq/l 53.0 

(SaMples unfiltered ) 

199 

Sampling nate 

11/17/78 

54285 

3.0645 
.187 

.0702 

.6936 
105.25 

1738 
2354.3 
22,792 

688.0 
100.62 

.0972 
14.11 

43.9 
12.390 

.0554 

45000±2000 
50±2 

47.62 

11/07/79 

52 
37275 
65714 

.87 
3.07 
.241 

6.966 
.955 

106.0 
1111.0 
1251.2 
33,812 

320.0 
126.4 
Acid 
.096 

< .01 
2101 

48.96 
< .250 

1120 
1.440 

2200±100 
15±4 

18.5 
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Table X-5. Kerr-McGee Ambrosia Lake Mill - Decant from Tailings Pond 
(New Mexico, Water Pollution Control Bureau). 

Sampling Date 

11/16/78 11/06/79 

TSS mg/1 98 
TDS mo/1 40002 
cond J.XT!hos 45,320 
pH 1.33 
As mg/1 5.586 2.87 
Ba mg/1 .150 .231 
Se mg/1 .700 2. 788 
Mo mq/1 1.429 21.822 
NH3 rng/1 396.0 368 
Na mq/1 1759.5 1895 
C1 mg/1 2250.2 2199.6 
so4 mq/1 24,476 29,819 
Ca mg/1 432.0 224.0 
K mg/1 82.68 97.9 
bicarbonate mg/1 acid 
Cd mg/1 .0263 .018 
nitrate nitrite mg/1 9.03 15.64 
Mg mg/1 1777 
v mg/1 85.5 106.75 
Zn mg/1 7.05 6.910 
A1 mg/1 1,250 
Pb mq/1 .996 1.615 

gross oc: pCi/1 73000±2000 8300±400 
Ra-226 pCi/1 160±10 51±15 
Ra-228 pCi/1 
Pb-210 pCi/1 
u rng/1 16.2 13.4 

(Samples unfiltered) 

200 

.. 

US-NAUM0054349 

US-NAUM0054133-00217 



• 

.. 

Access ID No. 04133 

Table X-6. Sohio Mill - Tailings Pond Liquor (New Mexico, Water 
Po11ution Control Bureau). 

Sampling nate1 

11/15/77 11/27/78 

TSS mg/1 371 
TDS mg/1 32056 46104 
cond J.ll11hos 71820 89,376 
pH • 96 
As mg/1 1.108 1.594 
Aa mq/1 .110 
Se F1'9/1 .33 .065 
~lb mg/1 .679 .332 
t--1H3 mg/l 507.37 466.0 
Na mq/1 1203 1662.9 
C1 rrg/1 529.9 660.5 
so4 mg/1 303.8 57824.3 
ca m:J/1 
K mg/1 182.13 
bicarbonate m:J/l 
Cd ng/1 .050 
nitrate nitrite rnq/1 6.02 
Mg m:J/1 

.v mq/1 102.0 
Zn m:J/1 6.2 
A1 mg/1 
Pb rrg/1 1.991 

qross Of ~i/1 9000±300 
Ra-226 r:Ci/1 180±20 98±1 
Ra-228 J.=Ci/l 38±10 
Pl:r-210 r:Ci/1 1800±100 
u mg/l 1.1 23.3 

1 Sample from necant line sump - unfiltered 
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11/08/79 

263 
39760 
71523 

.98 
1.110 

.301 
4.181 

.310 
199.0 
926.9 
370.9 
36865 
352.0 
96.3 

.019 
2.22 
1275 

48.33 
5.24 

1,110 
2.150 

31000±2000 
25±8 

4.23 
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Tailings pipes can break. A break in the pipe at the DOC (United Nuclear 

Coq:oration) mill deposited tailings on the ground near the tailings pile. 

When the tailings pipe broke at UN-HP, the break eroded the dike area, causino 

loss of liquid of the entire cell into the nearby surrounding area. The spill 

was contained on company-controlled property. 

Tailings can also rrove due to high winds. Sand dunes on the downwind 

side of tailings piles and levels of radioactivity in excess of background in 

these areas testify to the effectiveness of this type of transport (nreesen et 

al., 1978). 

If tailings rrove into surface water drainages, the water tecanes a:>n­

taminated and the tailings and tailing solution can be carried long distances. 

When the UNC tailings dam broke in 1979, tailings liquor was transported 

several miles.Chapter v contains a description of this darn failure (Nucleonics 

Week, 1980). 

Radon gas also diffuses fran tailings piles. When radium decays into 

radon, sare of the radon tecares free to diffuse as a gas. If the raoon is 

close enough to the surface so that it does not decay into its non-gaseous 

daughter tefore reaming the atrrosphere, the radon diffuses out and becanes 

airborne. Radon will continue to diffuse from a pile unless a suitable oaver 

is placed on the pile so that the radon decays before it reaches the ambient 

atioosphere (Marple and Clements, 1978; Ford, Bacon and navis, Utah Inc., 1977; 

Dames and Moore, 1977}. 

There have been many measurements made of radon flux from tailings piles 

(Marple and Clements, 1978; Hans et al., 1978; Clements et al., 1978}. These 

measurements do not give a consistent number. Such factors as atloospheric 

conditions, Ra-226 content of the waste, rroisture content of the waste, any 

vegetation gro.ving on the waste, size of the waste grains, and rreasurernent 

technique used all influence the measured emission rate of radon to the atmo­

shere. Recause the numters measured vary so widely (for example ccmpare -

NfJRF'.£/CR-1138 Diffusion and Exhalation of Radon fran Uranium Tailings with 

LA-7254-PR, "The Contrib.Jtion of Radon-222 to the Atloosphere from Inactive 

Uranium Tailings Piles and Its Attenuation by Cover Materials"), it is diffi­

cult to determine an average numter to use. Assurre 1 hCMever 1 a flux of 2 50 

[:Ci/m2 sec for the dry areas. Excludinq wet areas and partly stabilized piles, 

this assumption gives a total radon anission of 28,900 Ci per year from New 

~1exico piles. This number could probably be off by a factor of two. While it 
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does not appear that at the present time mill tailings emit as much radon as 

do mining activities (see Table X -1 ) , emissions fran uncovered mill tailings 

will continue until the pile undergoes suitable rehabilitation. 

If plants grew on mill tailings or if mill tailings nove into areas where 

plants grCM, the plants can l:eccme contaminated with the radionuclides and 

other toxic elements contained in the tailings. If animals graze on the 

plants (animals rray also ingest tailings along with the plant), these toxic 

materials may move into the tissue and/or milk of the animal (Dreesen et al., 

1978; Kelley et al., 1978). 

E;Kposure 

Although it is difficult to predict on the long-term basis heM radio­

nuclides and other toxic elements may l:e transferred to man ann while a cal­

culation of an ingestion hazard may be somewhat misleading, it is interesting 

to compare relative ingestion hazard versus storage time in years of hiqh 

level wastes, mill tailings, uranium ore, and depleted uranium. Such a cal­

culation has reen ~rformed by Pigford and Choi and is shown in Figure X-1. 

This indicates that after about 600 years the relative ingestion hazard for 

mill tailings is greater than for high level wastes (Reviews of Modem Phy­

sics, 1978). 

Assessment-Situation 

While a great ma.ny studies have been canpleted in recent years on the 

environmental effects of the uranium milling process, nore studies are needed 

in order to fully assess the emissions and evaluate all the pathways to man 

Whidh may increase the general exposure, both to radionuclides and other toxic 

elements. 

Present and p:>ssible future Emissions due to mining and milling, hO!N'ever, 

represent sare of the nost significant emissions in the whole nuclear fuel 

cycle. Control of dispersion of wastes fran mining and milling will reduce 

future hazards. The state and the federal government, therefore, have been 

nnving tCMard requiring better disposal techniques for wastes fran the new 

mills undergoing licensinq. The problem of stabilization of the wastes of the 

·present mills in cperation remains to be solved (EID Radiation Protection 

Regulations, 1980: EPA, 1980). 
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Figure X-1. A canparison of relative ingestion hazard versus storage tirre 
(in years) of uranim ore, mill tailings, hi¢1 level wastes, and depleted 
uranium; (Pigford, 1976). 
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If the EPA (U.S. r::nvironmental Protection Agency) criterion of clean-up 

to a level of 5 pCi/gm of Radon-226 is usen as a criterion for decontamination 

throughout the region where mining and milling activities have taken place, 

preliMina.ry data indicates that an extremely large and ve.ry expensive clean-up 

effort will l::e ra:JUired. As mining and milling noves into new regions (Cro.m­

point and Marquez) , tight control on all discharqes will l:e necessa.ty if 

expensive clean-up is to be miniMized in these areas. 

• Studies 

There have been several studies published in the past years on the front 

end of the nuclear fuel cycle. Sare of these are covered in the list of 

references at the end of this publication. 

In the last two yP.-ars, many measureJTEnts and reports have teen ccmpleted 

covering missions and radionuclide transport fran milling and yellCMcak:e 

transportation. For example: 

Access ID No. 04133 

1) Michael H. rvlaneni, cT.B. Lindstran, C.E. Dungey, and Walter 
r::. Kisieleski, Radon and Radon-Daughter Concentrations in 
Air in the Vicinit of the Anaconda TJraniUJTI Mill, Argonne 
Nat1onal La rato.ry Argonne, I • , NUREG CR-1133, November 
1979 - this study gives the results of rooasuring radon con­
centration, working level, and rreteorological variables near 
the Anaconda mill and tailings area from June 1977 through 
June 1978. One rooter fran the center of the tailings the 
radon concentration averaged 10 J:Ci/1 and did not ~in a 
significant drq:> until approximately lOOm fran the center. 
Background concentration was essentially obtained at 10kJ11. 
As ext:Ected, concentrations of radon showed diurnal and 
seasonal variation and dependence on regional air-mass 
rroverrents. 

2) Michael H. ~ni, Walter E. Kisieleski, Donald R. Rayno, 
and carmen s. Sahau, Radioisotopic Composition of Yellowcake, 
An Estimation of Stack Release Rates, Argonne National Lab­
oratory, Argonne, Ill., NUREG/CR-1216, necember 1979 - this 
study reports rreasurement of concentrations of U-238, U-235, 
U-234, Th-230, Ra-226, and Pb-210 in yellCMcake. 'rhe ura­
nium concentrate from Kerr- McGee and Anaconda were two of 
the four concentrates analyzed. 

3) Michael H. flilc:llreni, and Walter E. Kisieleski, Measured Con­
centrations of Radioactive Particles in Air in the Vicinity 
of the Anaconda Uranium Mill, Argonne National Laborato.ty, 
Argonne, Ill., NUREG/CF-1320, Februa.ry 1Q80 - this study 
measured concentrations of U-238, Th-230, Ra-226 and Pb-210 
in air in the vicinity of the Anaconda mill. No rooasurerrent 
indicated levels a}::x)ve the present MPC. 
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4) ~1ichael H. M:::xreni, Albin J. Zielen, James E. Miranda, Jr., 
Noroort D. Kretz, and Walter E. Kisieleski, System; for 
Continuous Measurement of Airlx>rne Radon-222 Concentration 
and Working Level, Argonne National Lafuratory, Arqonne, 
Ill., NUREG/CR-1412, April 1980 - this report dcscrioos a 
system developed for continuous and simultaneous ~reasurE!'Ent 
of radon and working level in air. 

5) W.B. Silker, P.G. Heasler, Diffusion and Exhalation of Radon 
from Uranium Tailings, Battelle Pacific Northwest Laboratory, 
Richland, Washington, NUR.EG/CR-1138, Octooor 1979 - this 
study used various techniques to rreasure radon flux at 
UN-HP 1 s and Kerr-McGee 1 s tailing piles at various locations 
in each pile. 

6) F'.F. Haywood, W.A. Coldsmith, P.M. J..antz, W.F. Fox, W.H. 
Shinpaugh, and H.M. Hubbard, ,Jr., AssesSirent of the Radio­
logical Impact of the Inactive Uranium - Mill Tailings at 
Shiprock, New Mexico, Oak Ridqe National Laboratory, Oak 
Ridge, Tenn., ORNL-5447, Deceml::er 1979 - this study measured 
Ra-226 and Th-232 levels in soils, measured garrma levels, 
did limited water sampling, reported radon daughter ~reasure­
rrents, reported rreasured concentration of airborne radio­
active particles and tried to determine possible health 
effects at the Shiprock tailings pile. 

7) F.F. Haywocxl, D.J. Christian, B.S. Ellis, H.M. Hubbard, ,Jr., 
D. Lorenzo, W.H. Shinpaugh, Radiological Survey of the In­
active Uranium - Mill Tailings at Ambrosia Lake, New Mexioo, 
Oak Ridge National Laroratory, Oak Ridge, Tenn., ORNL-5458, 
June 1980 - this study is similar to the one described above 
but covers the old Phillip's pile. 

8) C.C. Travis, A.P. Watson, S.J. Cotter, M.L. Randolph, D.E. 
Fields, and L.M. McDoNell-Boyer, A Radiological Assessrrent 
of Radon-222 Released from Uranium Mills and Other Natural 
and Ted'mologically Erihanced sources, oak Ridge National 
Laroratory, Oak Ridge, Tenn., NUREG/CR-0573, February 1979. 
The title of the report describes the study. 

9) C-om.c:.ll D. :fill, Doses for Various Pathways to Man Based on 
Unit Concentrations of Radionuclides Pertinent to Decontami­
nation and Decommissioning of Properties, oak Ridge Nat1onal 
Lafuratory, Oak Ridge, Tenn., ORNL/OEPA-7, March 1979. 

10) C.W. Fort, ,Jr., R.D. Douglas, R. Gauntt, and A.R. McFarland, 
Particle Size Distribution of Yellowcake Emissions at the 
Un1ted Nuclear - Churchrock Uran1um Mill, u.s. EPA, Office 
of Radiation Programs, Las Vegas, Nevada, ,1une 1980 - this 
study rreasured eMissions and particle size fran the pack­
aging stack and dryer stack of the Churchrock mill. The 
dryer stack had an emission of 109±27 .1 q U-:Pe/hr (90% 
respirable) and the packaging stack had an eml.ssion of 
2.07±.692 g up8jhr (69% respirable) wit-..h the u

3
o

8 
emission 

expresse1 as equ1valent U 3op,. 
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11) Draft EIS for Remedial Action Standards for Inactive Uranium 
Processing Sites, U.S. EPA, Office of Radiation Programs, 
March 1980. This report reviews the results of studies on 
tailings and provides backoround for the proposerl standards 
for Mill tailings. 

12) J.J. Swift, Distant Health Risks fran Uranium Mill Tailings 
Radon, U.S. EPA, Office of Radiation Programs, Technical 
Note ORP/TAD-80-1, 1980. 

13) v.c. Rogers, R.F. Overmyer, K.M. Putzig, C.M. Jensen, K.K. 
Nielson, and B.W. Sermon, Characterization of Uranium Tail­
ing:;; Cover Materials for Radon Flux Reduction, Argonne 
Nat1onal r.Jal:oratory and Ford, Bacon, and Davis Utah Inc., 
NUREG/CR-1081, March 1980. The purpose of this study was to 
determine diffusion coefficients of radon. Plants with 
roots in the tailings and rroisture content ~re fOlmd to 
influence diff~sion. 

14) L.M. McDowell-Beyer, A.P. Watson, and c.c. Travis, Review 
.and Recartl'nendations of Dose Co~wrsion F~rs and Envir<;>n­
nent Transport Parameters for Pb and Ra, oak Ridge 
National Lal:oratory, Oak Ridge, Tenn., NtTREG/CR-0574, March 
1979. 

15) Anaconda Bluewater Mill Tailings Dam Valencia County New 
Mexico-Phase I Inspection Report, Tierra Engineering Consul­
tants Inc., August 1979. 
Rio Grande Basin Sohio L-Bar Tailings DaM Valencia County 
New Mexico-Phase I Inspection Report, Tierra Engineering 
Consultants Inc., August 1979. . 
Rio Grande Basin United Nuclear - H~stake Partners Tail-
ings Dam-Phase I Inspection Report, Tierra Engineering 
Consultants Inc., August 1979. 
Rio Grande Rasin Kerr-MoGee Tailings Dam-Phase I Inspection 
Rep:>rt, Tierra Engineering Consultants Inc., August 1979 

These four rep::lrts indicate the results of inspections made on each mill 

tailings dam. Considerations included diversion of flocxl waters, faults, 

rronitoring of dam sinking and seepage, chemical reactions, liguifaction, etc. 

Recanmendations ~Nere made Which are l::cing followed up by the State's regula­

tory agencies. 

16) lin Pr ram to netennine the Environ-
men a pea o e n1 e uc ear o~rat1on M1 a1 -
ing:;; Spill, New Mexico Health and Environment Department, 
Env1ronmental ImproveiMnt Division, State of New Mexico, 
November 2, 1979. This is an informal report giving results 
for soil, water, and air samples collected after the DOC 
tailings dam break in the summer and fall of 1979 along the 
Rio Puerco by RID and other sampling groups. This data 
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indicates that 'J'h-230 and Plr210 (and perhaps Po-210) are 
the major radionuclides that were transported fran the 
tailings. Elevated Th levels were especially high in the 
salts which deposited out along the stream b:mk. As rore 
clata tecanes available it will be published - a report 
should be available in late 1980. 

17) David G. Boyer, Dennis McQuillan, and Maxine s. C',oad, New 

Mexico Surface I~undment Assessment, February 1980, Water 
Pollution Control Bureau, EID, State of New Mexico, February 
1980 - this report includes the UN-HP and Anaconda inactive 
mill tailings piles, and the milling operations of Anaconda, 
Kerr-McGee, UNC, and UN-HP as potential sources of ground­
water contamination. 

18) L.C. Schwendiman, G.A. Sehmel, T.W. Horst, C.W. Thomas, R.W. 
Perkins, A Field and Modelin~ Study of Windblown Particles 
fran a Uranium Mill Tailings P1.le, Battelle Northwest La:oo:: 
ratory, Richland, Washington, NUREG/CR-0629, April 1979. 
This report indicates that Ra-226 and Plr210 levels in soils 
are arove background levels at distances out to 5 miles fran 
the UN-HP active tailings pile. The decay of this dispersed 
radium accounts for a radon emission of approximately 30% of 
that from the UN-HP tailings pile itself. 

19) J .n. Colton, and R.E. Errerson, A Study of the Mechanics of a 
Transportation Accident Involving Natural uranium Concen­
trate, SRI International, Menlo Park, CA., NTJREG/CR-0558, 
January 1979. This report investigated failure of yellcm­
cake shipping drums and recanmended techniques for reducing 
failure. 

20) Draft Generic EnvirollTtl:":!ntal Impact Statanent on Uranium 
Milling, NRC, Washington, D.C., NUREG-0511, Vol. I, II, 
April 1979 - 'rhis was a generic study on mill tailings. A 
Sl.ll11Tla.ry of impacts release::l in this report is given in Table 
X-7. 

21) B. .Jackson, W. Coleman, C. Murray, and L. Scinto, Environ­
rrental Study on Uranium Mills, Part 1, T"RW, Redondo "Reach, 
California, February 1979 - this study included results of 
sampling various inlet and outlet liquid streams at Sohio' s 
mill. 

22 ) Burton J. Thamcr, Kirk Nielson, Vern c. Rogers, Robert F. 
Overmyer, Bradley s. SeJ:iTI)n, and Paul ,J. Macteth, Radon 
Diffusion and Cover Material Effectiveness for Uranium 
Tailings Stabilization, Ford, Bacon, and navis Utah Inc., 
Salt Lake City, Utah, May 1980 - this stui!y reports radon 
diffusion studies with a variety of possible tailings cover 
materials under laboratory conditions. 

23) Mary Lynn Marple, Radium-226 in Vegetation and Substrates at 
Inactive Uranium Mill Sites, IASL, Los Alamos, New Mexico, 
LA-8183-T, ,January 1980. This thesis re:pJrts work rlone on 
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determining Ra-226 uptake in plants including leaf surface 
contamination. 

24) Nathan Edmund Kelley 1 Vegetational Stabilization of uranium 
Spoil Areas, Grants, New Mexico, LASL, Los Alanos, New 
Mexico, LA-7624-T, January 1979. This thesis includes re­
vegetation of uranium mill tailing piles and the constraints 
which may effect germination. 

25) David Dreesen and Lynn Ma:rple, "Uptake of Trace Elen:mts and 
Radionuclides from Uranium Mill Tailings by Four~ing Salt­
bush (Atriplex: canescens) and Alkali Sacaton (Sp:>robolus 
airoides)," SY~l}?8sium on Uranium Mill Tailinfcs Hanag:ement, 
Colorado State Un1versity I Fort Collins, Co orad.O, Novem­
ber 1q-2o, 1979 - This study determined native plant uptake 
of trace elerrents including Ra-226, Mo, u, Se, v, and As 
grown in alkaline tailings. Mo and Se concentrations of the 
plants grown in the tailings -were arove levels considered 
toxic to animals. Ra-226, u and Ni levels were also arove 
MRC. 

26) Maxine Goad et al. 1 Water Quality Data for Discharges Fran 
Uranium Mines and Mills in New Mexico, Water Pollution Con­
trol Bureau, EID, State of New M:xico, July 1980. This 
study gives the results of three years of sampling liquid in 
mill tailings ponds and decant ponds. 
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Table X-7. Summary of Integrated Impacts of Conventional Uranium Milling 
Industry Through the Year 2000a. 

Production (MI' u3o8 x 1000) 

Natural Resource Use 

Land Temporarily Disturbed Milling (ha x 1000) 

Tailings Disposal Land Permanently Committed 
to Restricted Use (ha x 1000) 

Land Temporarily Disturbed Mining (ha x 1000) 

Water Lost to Evaporation (m3 x 108) 

Effluents 

Tailings Solids (MT x 108) 

Radon Mills (1978-2000) (Ci x 107) 

Radon Mines (lq78-2000) (Ci x 107) 

Persistent Radon Releases fran Tailings (KCi/yr) 

Continental Radiological Impacts 

Access ID No. 04133 

Milling 

Health effects - 1978 to 3000 (premature deaths}f 

Life Shortening - 1978 to 3000 (years lost)f 

Persistent Health Effects - Beyond 3000 
(premature deaths/yr )9 

Milling Oc~tional 

Health Effects - 1978 to 2000 (premature deaths) 

Life Shortening - 197R to 2000 (years lost) 

210 

460-740 (fi90)b 

16-25 (24)c 

4.4-7 (6.4)c 

4.2-6.6 (6.2)d 

3.9-6.1 (5.8)d 

5.0-7.4 (6.3)e 

0.7-2.5 (2.0} 

0. 3-1. 2 (1. 0 ) 

2.0-5.0 (4.0) 

57-142 (114) 

1080-2700 (2200) 

0.02-0.05 (0.04} 

19-30 (28) 

360-570 (530) 
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e 

f 

g 
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Table X-7 (cont'd) 

Mining 

Healt~ Effects - 1978 to 2000 (premature deaths) 

Life Shortening - 1978 to 2000 (years lost) 

58-145 (115) 

1100-2750 (2200) 

The values in parentheses were used throughout the cited d<x::ument. 

For the resis of these numbers, see Chapter III of this docurrent 

This value is msed on the approximate number of rrodel mills ( 80) 
needed in the year 2000. 

This value is msed on the number of rrodel mill years (880} required 
to fill 80 percent of future u3o8 needs (865,000 MT). The non-conven­
tonal milling industry is expected to fill 20 percent ( 175, 000 MT) of 
the 865,000 M'1' required over the tirre pE!riod 1978 to 2000. 

1his includes tailings at inactive sites, tailings currently existing 
at active sites, and future tailings expecte~ to be generated by con­
ventional milling. 

This includes a conservative estimate of the nl.D"ll::er of health effects 
(72 premature deaths) during the years 1978-2000 because the effect of 
covering tailings during operations myond the mse case ( 40% covered) 
has not been taken into account. The degree to whim radon is con­
trolled during operation of the mill is a speculative ITICltter, depend­
ing upon the tailings management practices used 

EstiiTICltes of radiological impacts include uncertainties on source term 
only. The range of radiological impacts does not include uncertain­
ties in environmental transport or in health effects models. Uncer­
tainties in health effects trodels would extend the above ranges by 
one-half to two • 
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ENVIR<N1ENTAL ASPEcrS OF IN-SITU RECDVERY OF URANIUM IN NEW MEXICO 

Emissions 

The quantity of wastes discharged fran in-situ projects recovering 

uranim is usually small catpared to uranitlll mining and milling. The prin­

cipal wastes are the liquid bleed wastes. During active recovery of the 

uranium, when chemicals are h:!ing added to the injected water and uranium 

recovered fran the liquid caning fran the production v.-ells, a small bleed is 

necessary to maintain a water balance and to prevent ruildup of unwanted 

contaminants in the circulate(! liquid. This bleed is usually alxmt 1-2 per­

cent (15-30 9PT1 in a full scale facility) of the total flew. At the present 

time the only New Mexico facility now in operation is rlischarging this bleed 

into a lined evaJnration pond (Mobil Oil, personal carrrrunication, November 

1990). When the leaching operation is over, the aquifer in the region in 

which the leaching was taking place must re restored. There are two tech­

niques for doing this. The one rrost canm:>nly used outside of New Mexico is to 

pump the wells and thus create a flow of aquifer water into the leached area 

to remove oontaminants. This water is then produced fran the v.-ells and rust 

re disposed of in sane acceptable manner (ie. evaporation, use in milling, 

deep well injection, etc.). Using this techntque, it has h:!en estimated that 

20 to 30 tirrEs as much water is used during restoration than during the leach­

ing prooess itself (Cowan et al., September 1980). In New Mexico, Mobil plans 

to tre>..at the contaminate(! liquid which flCMed through the leached region with 

a reverse osrrosis unit to rarove contaminants and to reinject into the same 

leached region this "clean" fluid. The staff at Mobil expect that even using 

the reverse osrrosis treat.trent that apprax:imately 20 percent of the production 

fluid will have to re bled fran the systart and allaved to evaporate in lined 

ponds. Reverse osrrosis has never been demonstrated to work in this type of 

application and hence, the Mobil pilot demonstration is being carefully fol­

lowed by those interested in aquifer restoration techniques. In addition, 

aquifer resoration has yet to re achieved (Pacific Northv.-est Laroratory, 

personal c:anmunication, December 1980). 

In arldition to bleed from the surface facilities, there have also been in 

areas outside New Mexico some excursions in the leaching zone. Various tech­

niques such as overpumping of the v.-ells are used to try to control these 

excursions (Cowan et al., Septartbar 1980). 
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Radon also released fran the ion exchange facilities, precipitation 

tanks, panels and surge tanks. The arrount of radon released is probably de­

pendent upon depth and Ra-226 concentration in the ore l:ody as well as fluid 

flo.v rate since the radon is contained initially in the produced fluir1. 

However, Exxon has found that for their ore b::>dy the radon-222 contained in 

the produced fluid averages 0.37 uCi/1 with an actual release into the ambient 

atmosphere of ,0-75 percent (Cowan et al., September 1980). The release of 

other radionuc lines into the ambient air is nependent upon treatrrent tech­

niques. If a dryer is nsed to clry the uranium, uranium-238 will l:e releaserl • 

There are no dryers no.v in operation at in-situ facilities in New Mexico. 

Solid wastes discharged by in-situ facilities include unwanted contami­

nants that are precipitated out of the produced liquid in surface treatrrent 

facilities, spent resins, and other spent treatment units such as filters. 

The type and arrount of solid wastes depend on the type of chemicals used, the 

ore body, and the recovery process. The solid wastes will contain radioactive 

material (principally Ra-226) and non-radioactive materials such as calciun 

caroonate, vanadium, sulfates, and rrolyl::denum. However, rrolyl::denum will l::e 

recovered as a by-proouct at the ~1ohil in-situ project. 

Present Assessment Situation 

The major environmental health and safety issues are concerned primarily 

with various aspects of oroundwater restoration. It has heen reported that 

restoration of groundwater ha.ck to baseline may l:e technically impossiblE-:! 

because of the physical-chemical changes in the geochemical formation result­

ing fran uranium extraction and ion exchange during leaching on the clays 

(Cowan et al., September 1980). Adequate deMOnstration of some liquid cleanup 

process (such as reverse oSJTDsis) is needed so that large amounts of water do 

not have to be withdrawn and disposed of during aquifer restoration. Further 

data should. also l.e available as mre projects ar-e developed on the release of 

ranon during liquid treatrrent and storage. 

Possible E?Se?sure Pathways 

The rrain exposure pathway appears to be related to changes in water 

qua 1i ty in thE.:- aquifer. As rore data is obtained on liquicl treatrent tech­

niques and aquifer restoration, [.Etter data should h2 available in. order to 

('letennine any possible e_xrosure pathways. 
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A P P E N D I X B 

GLOSSARY 

arkose - Feldspar-rich, somewhat coarse grained sandstone derived fran a 
granitic source and considered favorable for the occurrence of 
uranium. 

Aoo - arkosic ret:lreds of early Pennian age ( 280 m.y. ) exposed throughout 
central Net~ Mexico that are hosts for small, low-grade de:posits 
of copper and uranium; related to the Sangre de Cristo Fo:r:mation 
of northern New Mexico. 

ACFM - average cubic feet per minute, used to define a rreasure of air volurre. 

acid leach - metallurgical process for the dissolution of uranium values from 
ores of low lime content, such as sandstone, by means of an acin 
solution. 

adit - a nearly horizontal entry to a mine driven from the surface. 

anticline - a structural fold, the core of which contains the stratigraph­
ically older rocks; it is convex upward with limbs dipping in op­
posite directions. 

alkaline leach - metallurgical process for the dissolution of uranium values 
from ores of high line content, sudl as limestone, 1:¥ means of an 
alkaline solution. 

ancmaly - arry excess of natural radioactivity abJve background levels. 

Agua Zarca - msal sandstone and conqlooeratic unit of late Triassic age 
(180 m.y.) in the Nacimiento ~untain area of northern New Mexico; 
relaterl to the Santa Rosa Sandstone and other basal Chinle units 
elsewhere in the state. 

aquifer - any l:ody of rock that contains sufficient saturated pe:rmeable 
material to conduct, store and yield water in economical quantities 
to wells and springs. 

Baca - redbeds of Eocene aqe (60 m.y.) exposed in the East M:Jgollon Slope 
(Datil) area south of the San Juan Basin that are favorable to the 
occurrence of uranium; related to the Galisteo, McRae and Cub Moun­
tain formations in other areas of the state. 

back - the roof or upper part of arry underground mining operation. 

backfilling - a reclamation technique whidl returns spoil (waste) material 
to the mine cuts or pits. 

basin - a structurally depressed, sediment-filled area; may also oo a topo­
graphically low area in which sediments may accumulate. 

olowsand - an accumulation of wind-blown sand; eolian sand. 
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breeder reactor - a nuclear reactor that prcrluces as well as consumes fis­
sionable uranium and thorium to increase energy conversion by 141-
fold over light water reactors. 

Brushy Basin - a pr001inent stratigraphic unit, predaninately shale and silt­
stone, that canprises the upper part of the Morrison Fo:rmation of 
Jurassic age (140 m.y.) in the San Juan Basin area. 

Rtu - British thermal unit; the amount of heat required to heat 1 pound of 
water to 1°F'. 

Burro Canyon - a sandstone \IDi t occurring at the top of the Brushy Basin 
Shale (Jurassic) (140 m.y.) in the Canjilon area of northern New 
Mexico and throughout the Chama Embayment of the San Juan Basin; 
relatei to the Jackpile sandstone of econanic usage. 

calcrete - a term, esp. British and Austrialian, that describes a calcium 
carb:mate deposit fonned on semi-arid and arid surfaces through 
capillary action and evaporation; analogous to caliche. 

calcareous - said of a substance that contains calcium carbonate. 

calcite - the mineral calcium caroonate (Cam3 ). 

caliche - see calcrete; caliche is the rrore ccmronly used term in the u.s. 

captive ore - ore produced, shipped and milled by the parent ccrnpany who CMns 
the mine Where it originated; as q:>posed to tolled ore. 

carl:::onaceous - said of a rock: that is rich in organic matter, humates or 
coaly I'n1:lterial. 

carnotite - a secondary, p:Jtassic uranium-vanadium oxide, yellow in color 
that is typical of shallow, oxidized environments. 

Cenozoic - an era of geologic tiJre fran the l:eginning of the Tertiary pericrl 
sore 70 m.y. ago to the present. 

Chinle - redbed sequence of late Triassic age (180 m.y.) in New Mexico and 
southwestern u.s.; host for large uranium deposits in Utah; fa-vor­
able for the occurrence of uranium in parts of New Mexico. 

Cienequilla Limrurgite - dark-colored extrusive volcanic flew rock (()uater­
nary) occurring southwest of Santa Fe in the La Bajada area of the 
Santa Fe River; locally mineralized with uranium-rearing JTlinerals. 

claim - the p-lrtion of mining ground held under federal and local laws by 
virtue of one location and record. Lcx:le claim; in New Mexico are 
not to exceed 1500 feet in length or 300 feet in width, N .M. Stat. 
1953, 63-2-1 through 63-2-25. 

_c_o_f_fjn_i_te_ an important ore of uranium in the Grants Mineral Belt, a black 
uranium silicate, typical of sandstone deposits of the C.rants Miner­
al Belt. 
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concentrate - uranium oxide, up8, after recovery and concentration fran 
ore at the end of the milllng process; sc::lmeti.rrles called "yell eM-cake" 
tecause of its color and dense, powdery consistancy. 

cong!omerate - coarse grained, clastic sedimentary rock canposed of pebbles 
or granules cc.rnm::mly cerrented by sandstone or clay matrix. 

contact rretasaratic - mass change in the mineral canponents of a rock frCJT1 
contact with an invading ma.gma., esp. used with reference to ore 
genesis. 

Cretaceous - the final period of the Mesozoic era; covered a span of time 
from 65 to 135 m.y. ago. 

cribbing - the construction of cribs or t.i.mters laid at right angles to 
each other as a roof support or as a support for machinery~ the 
close setting of t:i.mrers to support loose ground when shaft sinking. 

cross-cut - a horizontal opening driven across the mineral trend or normal 
to the direction of nain workings. 

cut-off - the minimum grade (% n
3
o

8
) and thickness of mineralization (ore) 

that can be profitably m1nen. 

cuttings - particles of rock produced by abrasive or percussive action of a 
drill bit, returned fran a tnrehole to the surface by air or dril­
ling mud for analysis. 

Cub MJuntain - a variegated, heterogenous sequence of thick clastic sedi­
mentary rocks peripheral to Sierra Blanca in south-central New 
Mexico; thought to be latest upper Cretaceous to Eocene in age and 
related to the Baca and Galisteo elsewhere. 

Dakota - a najor transqressive, quartzose sandstone, conglanerate and shale 
sequence of earliest late Cretaceous age (135 m.y.) that is exposed 
around the San ,Juan Basin as well as in other parts of the state; 
favorable to uranium mineralization locally near Gallup where sever­
al mines have been developed in the past. 

daughter - any one of the intermeiliate fllellll:Ers of nuclides of the radio­
active series, retween the pr1rent and the end decay product. 

dead-tirre - a rreasurable interval of coincident loss following each resp:mse 
to railiation pulses in C'-,eiaer counters and crystal detectors when 
the counter is not sensitive to additional pulses; once dead-tiMe 
has been determined, observed counts can be corrected to true 
counts; measured in microseconds. 

decline a mine shaft that is not vertical and is usually along the dip of 
a b:rl or vein. 

development (drilling) - the phase of cirilling that follows exploration dril­
ling to delineate the size, mineral content anci confiquration of an 
ore body; - (mining) - the opening of an ore body by shaft sinking 
or surface excavation. 
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dilution the contamination of ore with barren wall rock in stoping; the 
blending of high- and low-grade ores for millin~. 

disegui librium - a radianetric state that exists when a uranium deposit is 
deficient in uranium-238 through physical and chemical weathering 
processes that have selectively depleted the parent nuclide while 
enriching daughters such as thorium-234 or radium-226. 

drift - a horizontal passage underground; a drift follows the mineral trend 
or vein as distinguised from a cross-cut; the angular deviation of 
a mrehole fran vertical or its intended course. 

Dockum - a stratigraphic group desionation used primarily east of the Peen~ 
River and south of the Cana<'iian Escru::prent for the upperrrost Tri­
assic ( 180 m.y.) sequence that is stratigraphically and litholoqi­
cally equivalent to the Chinle. 

Dosco miner - a crawler-tracked, 200-hp cutter/loader designed for long 
wall mining. (see "lonqwall"). 

electric 1~ - a plot or strip recording of a mrehole to scale obtained 
measuring various electrical properties of t~e geological forma­

tions penetrated. 

en echelon - parallel physical features that are off-set in either plan or 
side view like the edges of shingles on a roof. 

energy - the ability of a l:x:xly to perfonn work either as kinetic, poten­
tial, heat, chemical, electrical or nuclear, measured in joules and 
foot pounds. 

Entrada - a prominent cliff-fanning sandstone of eolian origin and Jurassic 
in age (170 m.y.) that lies immediately relow the Todilto Limestone 
across the Grants Mineral Relt; locally mineralized. 

Espinaso - a volcanic sequence of welded tuffs and tuff breccias, Oligocene 
in age {30 m.y.), that overlies the Eocene Galisteo Formation in the 
La Bajada - Hagan Basin area south and west of Santa Fe. 

evaporite - a nonelastic sedimentary rock canposed of minerals produce<i 
from the evaporation of saline solutions in an arid or semi-arid 
enviroJ'll'l'lent. 

exploration drilling - the initial phase of drilling perfonned in search of 
h:lsic geological infonnation v.hich will re used to define p:>tential 
targets in the search for a mineral deposit; exploration drilling, 
if successful, is followed by development drilling • 

feldspathic - said of a sandstone or other clastic sedimentary rock that 
contains feldsrar in quantities less than arkose; feldspathic sand­
stones are considered favorable hosts for uranium deposits. 

fission - natural spontaneous or induced splitting, by particle collision, of 
a heavy nucleus into a pair of nearly equal fission fragments plus 
SOI'Te neutrons; the splitting releases a large quantity of energy 
which is the basis of current fission reactor technology. 
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fluvial (fluviatile) - of or pertaining to sedimentary dep:::>sits laid by 
streams in a non-marine depositional environment. 

forward-costs - operating and capital costs in current dollars that would 
l:e incurred in producing uranium resources; such (past) costs are 
not included. 

fossil fuels - any hydrocarl:x::m dep:::>sit that may l:e used for energy fuel: 
r;etroleum, natural gas, and coal. 

fusion - the combination or fusion of two light nuclei (such as hydrogen) 
to fonn a heavier nucleus, accanpanied by the release of a larqe 
amount of energy. 

Galisteo - a redbed se:;JUence of sandstone, shale and conglcmerate, Eocene in 
age (50 m.y. ), that occurs within and around the Galisteo area south 
of Santa Fe, including the Hgan, Galisteo, and Estancia basins: host 
for uranium dep:::>sits locally and considered favorable elsewhere; 
stratigraphic and lithologic equivalent of the Baca Formation near 
Datil and the Cub MJuntain near Sierra Rlanca. 

sam:na-log - a strip recording of the intensity of natural radioactivity versus 
depth obtained when a detection device ( scintillareter or Geiger 
counter) is moved through a borehole. 

C",eise..r counter - (Geiger-Muller) - an instrurrent that detects qarrma radiation 
enitted by radioactive substances; also called (":JE!iger probe. 

geology - the science that deals with the histocy of the earth as recorded in 
the rock record; econanic geology and mining geology are concerned 
with the application of geologic principles and data to mining, 
energy developnent and indus tty. 

geochemical - of or pertaining to the study of those aspects of geology that 
involve chemical changes or the distribution of elements and atomic 
species in the eo.arth. 

geophysical - of or pertaining to the study of those aspects of geology that 
involve the physics of the earth including its structure, canp.::>si­
tion, and developnent. 

gi9:awatt - one billion watts. 

<Jneiss - a metairorphic rock, foliated and banded with layers and lenticles 
of granular and flaky minerals having elongated or prismatic habits. 

srade - the relative quantity or percentage of mineral content in ore; tenor. 

sranite - an igneous, plutonic rock in whid:l quartz constitutes 10 to 50 }Jer­
cent of the canponents, and in which alkali feldspar predominates 
over plagioclase feldspar; broadly speaking, at.r;f entirely crystal­
line, quartz-rearing plutonic rock. 
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grouting the process of injecting a coarse oem:mt into crevices in under-
ground rock formation especially to stabilize and seal the rock·wall 
of a mine shaft or a rorehole. 

hard rock - a term used to distinguish material which can re excavated only 
by blasting, as with igneous and netannrphic rocks, and indurated, 
tightly cerrented sedirrenta:ry rocks. 

haulage level - an underground passage or level used to transp::>rt supplies, 
waste rock, ore and for the m::we.rnent of miners to and fran the 
hoisting shaft. 

head frarre - the steel or t~r fraJYE at the top of a mine shaft which car­
ries the sheave or pulley for the hoisting cable, and serves various 
other purposes. 

_h_ea_.p.__l_e_a_c_h - a process used to recover uranium and other leachable minerals 
fran low-grade ore, waste or tailings; the material is laid in beds 
to a thickness of roughly twenty feet, and is leached with acidic 
solutions or S):)E!nt liquor fran previous operations 1 intervals are 
allowed retween applications to ):)E!nnit OK:idation to occur, the 
leachate is collected in tanks where uranium values are recovered 
through ion-exchange (IX) • 

hoist - a power driven windlass for raising ore, rock, or other material from 
a mine and for lowering or raising material. 

humate - a salt or ester of humic acid; considered to re an ideal reductant 
for the precipitation of uranium fran solution in the natural en­
viro~nt. 

in-situ leaching - the extraction of uranium or other soluble rretals in the 
subsurface by rreans of slowly percolating or acidic solutions. 

isopach - a contour line, on a map, drawn through p::>ints of equal thickness 
of a designated stratigraphic unit. 

isotope - one of two or nore species of the sarre chemical element (e.g., 
nranium-215 and uranium-238). 

IX - abbreviation for ion-exchange recove:ry rreth.od. 

Jackpile - a stratiqraphic term of economic usage desiqnating a sequence of 
uranium baaring sandstone that occurs throughout the Laguna mining 
district on the eastern end of the Grants Mineral Belt. 

jordisite - an annrphous mineral, molyl:denum sulfide (MoS2 ), associated with 
ore bodies within Grants Mineral Belt. . 

,Jurassic - the second ):)E!riod of the Mesozoic era (after the Triassic and 
ref ore the Cretaceous) beginning about 180 m. y. ago and terminatinq 
about 135 m.y. ago: rocks of Jurassic age (Morrison Formation) are 
the hosts for the m:>st important uranium deposits in New Mexico. 

K-factor - the th.ennal conductivity of a material expressed in standard 
units, HW. 
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Kwhr - abbreviation for a kilowatt-hour of electrical energy. 

Kva - abbreviation for kilovolt-ampere, a neasurerTent of electrical energy. 

lease - a piece of land leased for mining p.1rposes. 

lignitic - containing lignite, a low-rank coal. 

longhole - underground oorehole or blasthole exceeding 10 feet in depth or 
length. 

longwall - a long mine face of ore usually parallel to bedding or ore trend, 
sc:.lTet.irres arrenable to longwall or rrechanical mining. 

~awatt - one million watts. 

Mesozoic - an era of geologic t.irre fran the end of the Paleozoic to the te­
ginning of the Cenozoic. 

metarocn:phic - pertaining to a rock-type, altered in ccmposition through heat 
and pressure (e.g., gneiss, schist, marble). 

mill - to crush, ~t grind and treat ore so as to extract uranium (or other 
rretals) as a concentrate or oxide (i.e., yellowcake, uranium concen­
trate, u3o8). 

mining district - a section of country designated by naJYte, having descril::ed 
or understood mundaries within which mineral is found and which is 
worked under rules and regulations prescribed by tradition grcMing 
out of early miners' need to self-govern independent of all other 
authority; useful today for legal descriptions of mining clairns and 
leases, production records and geological reference. 

Miocene - an epoch of the late Tertiacy period, after the Olige>cene and re­
fore the Pliocene; 25 million to 11 m.y. ago. 

molyl:denum - a slivery white rretallic element of the chranium group, abbre­
viated Mo; after extracted as a by-product of uranium milling. 

Morrison Fonnation - major uranium-tearing sandstone, siltstone, conglaner­
ate, and shale unit of late Jurassic age (140 m.y.) that occurs 
throughout the southwestern U.S. especially in the San ~luan Basin 
of New Mexico; it consists of four principle stratigraphic members, 
sane locally absent, in ascending order: Salt Wash Sandstone Mbr; 
Recapture Shale Mbr; Westwater canyon Sandstone Mbr; and Brushy 
Basin Shale Mbr~ locally each rrernber 1'1\!lY 1::e further sub-divided into 
units of stratigraphic or econanic significance (e.g., Jackpile 
sandstone, Poison Canyon sandstone) • 

muck - rock or ore broken in the process of mining. 

nuclear fuel cycle - the sequence of processes involved in rendering uranium 
suitable as a source of energy fran the minincr and milling conversion 
(to UF n_), enrichment, fabrication, fission, reprocessing and waste 
disposa~. 
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nuclear reaction - a reaction involving the nucleus of the atan such as fis­
sl.on, radioactive decay, or fusion; and distinct fran a chemical or 
"atanic" reaction which is limited to changes in electron configura­
tion surrounding the nucleus. 

agalalla - sandstone, conglomerate and caliche-bearing stratigraphic unit of 
late Tertia.ty age (Pliocent-Pleistocene) that caps the high plains 
or Llano Estacada of southeastern New Mexico, locally present in 
northeastern NaN Mexico • 

Oligocene - an e:p::>eh of the early Tertiary period, after Eocene and before 
the Miocene, 40 m.y. to 25 rn.y. ago • 

open-stope ~mthod - stoping in which oo regular, artificial rrethoo of support 
is employed, although preps or cribs may be used if necessary; 
usually confined to small ore }:X>ds where all mineralized material is 
removed leaving no pillars. 

ore - mineralized rock of sufficient grade and quantity to be mined at a 
profit. 

ore ro 11 - a uranium ore 1:ody within sedimentary rock (sandstone) that is 
discordant, forming an S-shaped or C-shaperl cross section, usually 
occurring along the interface of an oxidation-reduction (redox) 
l::ounda.ty; when several ore rolls are aligned in plan v:ieN, the trend 
is termed a roll-front; in New Mexico, massive ore rolls occur at 
Nose Rock northeast of CrOWI'liX'int. 

Pale~oic - an era of geologic time from the end of the Precambrian to the 
beginning of the Mesozoic; al:out 550 rn.y. to 200 m.y. ago. 

pegmatite - coarse grained, igneous vein or dike rock of granitic canposi­
tion, rid:l in rare elerents sud:l as lithium, l::oron, fluorine, urani­
um, and the rare earths. 

Pennsylvanian - a period of geologic time in the late Pale~oic era after 
the Mississippian and before the Permian thought to have covered the 
span of time between 320 and 280 rn.y. ago. 

pe:rneability - the capacity of porous rock for transmitting fluids. 

Permian - the last perioo of the Pale~oic era of geologic time after the 
Pennsylvanian and before the Triassic, thought to have covere::1 the 
span of time between 280 and 225 rn.y. ago. 

E!_ - a rreasure of the acidity or alkalinity of water and other aqueous solu­
tions. 

physiographic province - a region, all parts of which are similar and dis­
tinct in geologic structure, histo.ty, and climate, and which has 
consequently had a unified gearorphic histo.ty. 

pitchblende - a massive variety of uraninite or uraniurn oxide found in rretal­
lic veins, usually containinq a slight amount of radium. 
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Pliocene - the latest of the epoch canprisinq and Tertiary period of Ceno­
zoic time after the Miocene and before the Pleistocene, 11 m.y. to 
about 2 m.y. ago. 

plutonic - pertaining to igneous rock fonned at great depth such as granite. 

plutonium - a radioactive isotope of uranium (mass number 239, half-life, 
24, 360 years) by sp:mtaneous anission of an electron fran neptunitlf!'l 
obtainefl in turn fran uranium 238. 

Poison Canyon - a stratigraphic term of strictly economic usage that occurs 
along a zone of intertonguing between the ~~stwater and the overly­
ing Brush Basin; ~rtant sandstone host for uranium deposits in 
the Smith Lake (Blackjack) and south Ambrosia Lake districts of the 
Grants Mineral Belt. 

P9rosi ty - the property of a rock containing voids or interstices that are 
capable of holding ~It not necessarily transmitting fluids. 

potential resources - the quantities of uranium estimated to be present in 
deposits that are as yet incanpletely defined or undiscovered; they 
are divided into probable, possible, and speculative classes based 
on their spatial relationships to defined resources; as opposed to 
reserves which are defined by direct measurement. 

Precambrian - all geologic time before the Cambrian or earliest perioo of the 
Paleozoic, ranging fran rrore than 4.5 billion years ago to about 
550 million years ago; all rocks fonned during the Precambrian. 

push-back - a unit of mineralized rock in a strip mining or open-pit opera­
tion of sufficient grade, thickness and lateral extent to be strip­
ped or "pushed-back" (extracted) at a profit. 

~- a unit of energy equivalent to a quadrillion (1015 ) Rtu. 

quartz - an :i.mp:)rtant and <.:'<:::mm::m rock forminq mineral, Sio2, the rrajor con­
stituent of sandstone. 

Quaternary - the second perioo of the Cenozoic era following the Tertiary, 
consisting of two epochs, the Pleistocene and the Holocene or 
Recent; ranges in acw fran two to three m.y. ago. 

rad - a unit of absorbed dose of ionizing raoiation equal to an enerqy of 100 
ergs per gram of irradiated material. 

radium -

radon -

range -

A radioactive metallic eleJ"'):ffit, silvery-white, resembling rerium 
chanically, and occurring in carnotite, pitchblende and other urani·­
um minerals; abl:tr"eviated Ra. 

a heavy, radioactive gaseous element formed from the disintegration 
of radium; ahbrevidted Rn. 

any series of contiquou.s townships of the U.S. Public Land Survey 
systan situated north and south of each other and numl:ered con­
secutively east and ~st from a principal rreridan; abbreviated R. 
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raise - a vertical or inclined opening driven upward to connect u..o or m:Jre 
levels within a mine. 

Recapture - a member of the Jurassic Morrison Formation, largely sandstone, 
siltstone and shale, that overlies the salt Wash Memrer and is sub­
jacent to the Westwater canyon Sandstone Member; the Recapture is 
host for uranium deposits in the Sanostee area of northwest New 
Mexico. 

rem - the quantity of ion1Z1ng radiation dosage imparted to a biological sys­
tem per gram of living matter equivalent to a dose of one rad of 
X-radiation. 

resistivity - the opposite of conductivity of an electrical current passing 
through fluid-bearing rock formations durino electrical logqinq of a 
borehole expressed in ohm/centimeter. 

roof - the ceiling of any underqround rrdne workings; same as "reck". 

roof-bolt - a long steel mlt driven into the roof of underground excavations 
to strenghthen the pinning of rock strata. 

roc:m-and-pillar - a rrethod of underground mining that leaves pillars of low­
grade ore or rock to support the roof or back of workinqs at regular 
or irregular intervals oo'bieen mined areas or "roans". 

royalty - the am:Junt by the lessee, or operator, to the CMn.er of land, miner­
al rights or mine equipnent, based on a set am:Junt per ton or a per­
cent of total production. 

Salt Wash - the lowennost rreml:er of the Jurassic Morrison FolJllation; largely 
sandstone, and an inp::>rtant uraniun host rock in the East carrizo 
Mountain area of northwest New Mexico. noes not extend south to the 
Grants Mineral Belt. 

sand fill - hydraulic or pneumatic backfill to support underground cavities 
left by extraction of ore (see "backfilling"). 

Sangre de Cristo - an arkosic formation of late Pennsylvanian and early Per­
mian age (280 m.y.) t::ha crq::>S out along the eastern slope of the 
Sangre de Cristo M:Juntains ootween Las Vegas and Guadalupita1 con­
sidered to oo a favorable host for potential resources. 

Santa Fe - a canplex sequence of basin-fill sedimentary and associated vol­
canic rocks deposited in the Rio Grande Trouqh of northern and cen­
tral New Mexico; late Cenozoic age (Pliocene-Pleistocene); host for 
small, sparse uranium deposits and many anomalies. 

Santa Rosa - a l:a.sal sandstone and conglanerate unit of the Chinle (Docktlll1) 
in eastern New Mexico and along the Pecos R.i ver; late Triassic in 
age (180 m.y.); considered to oo a favorable uranium host rock. 

scintillometer - a more sensitive radiation detection instrument than r~iger 
counters i can distinguish ootween types of radiation and can re useil 
in aerial geophysical prospecting. 
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section - a piece of land that is 1 square mile or 640 acres in area forming 
one of the 36 suh1ivisions of a township in the u.s. Public r.anrt 
Survey; abbreviated sec. 

seculctr equilibrium - long-tcr:m radioactive equilibrium of naturally occurr­
. ing radioactive elements (see "disequilibrium"). 

sedimen~ - of or pertaining to rocks formed by the accumulation of serli­
---·--- rrent in water or air (aqueous or eolian), including evapJritcs; 

sandstone uranium derosits are the nost .imp::>rtant type in the u.s. 

self-potential (spontaneo~s potential) - electrical potential caused by dis­
similar conductors (rock types) in an electrolyte (oorehole fluid) 
usro in rorehole logging and geophysical prospecting; abbreviated SP. 

set - a timber or steel support frarre used in undergrolll1d mine workings. 

shaft collar - supporting framework at top shaft fran which lininqs may 1::::e 
hlll1g. The ter:m applies to the timber, steel , or concrete around the 
nouth or top of a shaft. 

shale -

sill -

slab -

a laminated, sedimentary rock in which the constituent particles are 
largely clay size. 

the ·floor of an opening or· passage in a mine. 

a guidecl steel hoppit usually rectangular with a capacity fran four bJ 
ten tons, used in vertical or incline.:'! shafts for hoising ore. 

cleaverl of finely parallel jointed rocks which split into tabular 
plates from one to four inches thick. 

slab-down - close timbering hetween sets of timber. 

slusher - a machine used for loading ore or rock 1:¥ J?Ulling an open-b:Jt­
tOTI'e::l scoop reck and forth l::eb.lileen the face am the loadinq }X)int 
by means of ropes, sheaves, ann a MUltiple drum hoist. 

soft-rock - rock that can l:e removed by air-operated harnrTErs, but cannot hr~ 
-----handle1 economically by a pick; loosely used to distiriguish se.limentary 

fran igneous and metam::rrphic rocks. 

~are set. - a rrethod of stoping in which the walls and reck of the excava-
-tion am supported by regular frarred timt:ers frcrning a skeleton 
enclosing a series of connected, holla..;r, rectangular prisms in the 
space formerly occupied by the the excavaten ore and providing con­
tinuous lines of support in three directions at right angles to each 
other. The ore is excavatro in small, rectangular blocks just larqe 
enough to provide room for standing a set of timber. 

stackeCI ore - uranium ore that has reen redistril:uted along faults or verti­
cal fractures, discordant to l::edding; a tenn used alnost exclusively 
in the Grants tifineral "Aelt of New Mexico. 
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stope - canm:mly applied to the extracton of ore, rut does not include the 
ore rennvErl in sinking shafts and in driving levels, drifts and 
other development openings. 

stull - a timber prop set between the walls of a stope. 

syncline - a fold in rocks in which the strata dip inward fran roth sides 
to.vard the axis • 

tal::ular ore - a uranium ore tody that is concordant to bedding. 

tails assay -
UF 

minimum acceptable percentage of uraniUI'Tl-235 remaining after 
gaseous diffusion to enrich uranium fran 0. 7 percent U-235 to 
percent U-235: tails assay currently ranges from 0.20 percent 

to o. 25 percent U-235. 
3.R 

tailing(s) fine sand fraction remaing after the milling of uranium ore. 

Tertiary - the earlier of the t~ qeologic periods canprisinq the Cenozoic 
era; began approximately 70 m.y. ago and teminated ab:mt 2 to 3 
m.y. ago. 

thorium a radiooctive, silvery-white, mettalic element, abbreviated Th; is 
fissionable and can be used as a nuclear fuel. 

Todilto - a prominent limestone formation of Jurassic age that is a host for 
uranium deposits in the Grants Mineral Belt; overlies the Entrada 
Sandstone and is subjacent to the Summerville Formation. 

toll ore - ore that is shipped for milling ~ an operator other than the rnine 
operator, thus, a toll or surcharge is applied that would otherwise 
l:e avoided if. the mine and mill operator were the sarre. 

tONnShip - a piece of land rounded on the east and west ~ meridians 6 miles 
apart at its south rorder, has a north-sout length of 6 miles, and 
fonns one of the chief divisions of a u.s. Public T.Jand Survey: ab­
breviated T. 

Triassic - the earliest of the three periods comprising the Mesozoic era of 
qeologic time, preceding the Jurrasic and follo.ving the Permian. 

tuffaceous - said of sediments containing up to 50 percent volcanic tuff, 
considered favorable as a source of uranium. 

up8 - abbreviation for uranium concentrate (uranium oxide); "yellowcake". 

unconformity - an erosional gap or hiatus in the geologic record: important 
for the localization of some types of uranium de:posits. 

uplift - structurally high areas of the earth's crust produced by :positive 
movements that raise or upthrust rocks. 
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uranium - a silvery-white, radioactive metallic elerrent, the heaviest natur­
ally occurring element, abbreviated U: fissionable and used to 
produce large quantities of heat in nuclear reactors; New Mexico 
is bhe n1..1I'Ill:l:!r one producer of uranium in the u.s., and is a major 
producer am::>ng leading uranium producing nations. 

uraninite - a black, oxide of uranium (uo2 ), one of the important ores of 
uranium. 

vanadium - a gray or white, malleable, ductile metallic elerrent, abbreviated 
v, that occurs in canbination with uraninite, carnotite and other 
uranium bearing minerals. 

water factor - a ccmpensatory factor that is critical in calculating true 
gamma-ray detection through water in a uranium borehole; the shield­
ing effect of water to radiation in the l::orehole. 

Westwater canyon - the principal uranium bearing sandstone member of the 
Jurassic Morrison Fonna.tion in the Grants Mineral Belt; overlies 
the Recapture Shale Member and is subjacent to the Brush Basin 
Shale Member. 

wildcat drilling - the drilling of exploratory l::oreholes in unproven terri­
tory. 
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